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(57) ABSTRACT 

An extender circuit provides a serial communication inter- 
face between an ATM layer and a PHY layer. The extender 
circuit includes a first circuit serially coupled to a second 
circuit. The first circuit communicates in parallel with the 
ATM layer, and the second circuit communicates in parallel 
with the PHY layer. The extender circuit additionally 
includes a serial link which serially transmits signals 
between the first and second circuits. The serial link includes 
a first serial link for transmitting a first serial signal from the 
first circuit to the second circuit, and a second serial fink 
transmitting a second serial signal from the second circuit to 
the first circuit. The first circuit and the second circuit 
include similar architecture. The first circuh includes a 
parallel interface circuit for communicating in parallel with 
the ATM layer and a serial interface circuit coupled to the 
parallel interface circuit for serially communicating with the 
second circuit. The parallel interface circuit includes control 
circuitry, such as a programmable logic device, and memory 
circuitry, such as a first-in-first-out (FIFO) memory device. 
The serial interface circuit includes serializing/deserializing 
circuitry which includes serializing circuitry for serializing 
a plurality of parallel signals received from the parallel 
interface circuit and outputting a plurality of serial output 
signals. The serializing/deserializing circuitry further 
includes deserializing circuitry for deserializing a plurality 
of serial input signals to form a plurahty of deserialized 
signals and providing the deseriafized signals to the parallel 
interface circuit. 

30 Claims, 30 Drawing Sheets 
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METHOD AND APPARATUS FOR layer 14 indicates to ATM layer 12 that it can accept a 

PROVIDING A SERIAL INTERFACE complete ceU of data (53 bytes) by asserting TxFuU*/ 

BETWEEN AN ASYNCHRONOUS TRANSFER TxQav to a high logic level. When ATM layer 12 has a 

MODE (ATM) LAYER AND A PHYSICAL complete cell to transfer to PHY layer 14, it asserts TxEnb* 

(PHY) LAYER 5 * ^'^S^'^ \c\c\ and places the first byte of data onto data 

bus TxData 20. Additionally, ATM layer 12 asserts TxSOC 

BACKGROUND OF THE INVENTION 24 to a high log^c level along with the first byte of data. 

1 M f th T t* TxSOC 24 remains at a high logic level for the first cycle 

1. l^ield ot ide invention ^^jy ^^^^ remaining 52 bytes of cell data are then 
The present mvention relates to a bus communication transferred to PHY layer 14 at one byte per dock cycle of 

architecture, more particularly, the present invention relates TxClk 28 

to serializing a parallel bus inter^^^^^ In like manner, FIG. lb also illustrates the Receive 

nous transfer mode (ATM) layer and a physical (PHY) layer ^^^^^^^ comprising a parallel receive bus RxData 30 which 

in an ATM system. example, 8-bits or 16 bits wide, and a number 

2. Art Background of control signals similar to the those described with respect 
ATM is a network protocol and switch -based method of to the Transmit interface. The receive control signals 

communication which breaks down a communication pro- include: receive enable signal RxEnb* 32 which when 

cess into several sub processes arranged in a stack. Each asserted low by ATM layer 12 indicates that RxSOC 34 is 

layer of the protocol stack provides services to the layer valid and that RxData contains valid data; receive start of 

above it which allows the top most processes to communi- cell signal RxSOC 34 which is asserted by PHY layer 14 

cate. Each layer communicates with another layer over when RxData 30 contains the first valid byte of cell data; 

defined interfaces enabling two different devices, using receive empty/cell available signal RxEmpty*/RxClav 36 

hardware and software from different manufacturers, but which in CLH mode is asserted high by PHY layer 14 when 

still conforming to the ATM model, to communicate over an it has a full cell of data to send to ATM layer 12, and is 

ATM network. Using ATM, information sent over a network ^5 asserted low by PHY layer 14 when it is "empty" and does 

is segmented into a fixed length cell. The ATM cell has a not have a full cell of data to send to ATM layer 12; and 

fixed length of 53 bytes comprising 5 bytes of header receive clock signal RxClk 38 which is provided by ATM 

information and 48 bytes of data information (e.g. voice, layer 12 for synchronization of the data transfer from PHY 

data, or video information). layer 14 to ATM layer 12. 

Two layers in the protocol stack are the asynchronous 30 Receiving data from PHY layer 14 at ATM layer 12 in the 

transfer mode (ATM) layer and the physical (PHY) layer. CLH mode of operation is generally as follows. PHY layer 

The PHY layer interfaces directly to network media (e.g. 14 indicates to ATM layer 12 that it has a complete cell of 

fiber optics, twisted pair, etc.) and also handles transmission data (53 bytes) to send by asserting RxEmpty*^xClav to a 

convergence (extracting ATM cells from the transport high logic level. When ATM layer 12 can receive a complete 

encoding scheme). The ATM layer and the PHY layer 35 cell, it asserts RxEnb* to a low logic level. In the next clock 

communicate over a parallel bus termed the Universal Test cycle, PHY layer 14 places the first byte of data onto the data 

and Operations PHY Interface for ATM (UTOPIA) devel- bus RxData 30 and asserts RxSOC 34 to a high logic level 

oped by the ATM forum. The UTOPIA bus is a bidirectional along with the first byte of data, RxSOC 34 remains at a high 

bus which transmits and receives ATM cells simultaneously. logic level for one cycle only. Each of the remaining 52 

The UTOPIA bus is defined to support numerous transmis- 40 bytes of cell data are then transferred to AI'M layer 12 at one 

sion rates defined for ATM, including transmission rates as byte per clock cycle of RxClk 38. 

high as 622 Mbps. The UTOPIA bus defines two interface Typical applications using UTOPIA include Network 
signal groups: Transmit and Receive. As illustrated in FIG. Interface Cards (NICs) and ATM switches. ATM switches 
la, the Transmit interface 16 moves data information from typically are built using a rack mounted architecture which 
ATM layer 12 to PHY layer 14, while the Receive interface 45 include individual shelves supporting PHY layer circuits or 
18 moves information firom ATM layer 12 to PHY layer 14. ATM layer circuits. Typically, the interconnect between the 
As illustrated in FIG. lb, the Transmit interface comprises PHY layer circuits and the ATM layer circuits comprise wide 
a parallel transmit data bus TxData 20 which may be, for parallel ribbon cables. The parallel ribbon cables may com- 
example, 8-bits or 16-bits wide, and a number of control prise as many as 40 conductors to accommodate the Trans- 
signals which may be utilized in the Octet Level Handshak- 50 mit and Receive interfaces when the UTOPIA bus operates 
ing (OLH) mode or the Cell Level Handshaking (CLH) in a 16-bit mode. The use of wide ribbon cables to inter- 
mode. In CLH mode data is moved between ATM layer 12 connect the ATM layer circuits and PHY layer circuits 
and PHY layer 14 as an entire uninterrupted cell. The physically clutters the ATM switch. Additionally, the wide 
transmit control signals include: transmit enable signal parallel ribbon cables connecting the various UTOPIA ports 
TxEnb* 22 which when asserted low by ATM layer 12 55 on a switch can extend to as much as a foot or more in 
indicates that TxData 20 contains valid cell data; transmit length, depending on the distance between the PHY and 
start of cell signal TxSOC 24 which is asserted high by ATM ATM layer circuit shelves. The length of the ribbon cable 
layer 12 when TxData 20 contains the first valid byte of cell poses a limitation on the ATM system as parallel ribbon 
data; transmit full/cell available signal TxFull*/TxClav 26 cables, which operate reliably at one frequency over a given 
which in CLH mode is asserted high by PHY layer 14 when 60 distance, may not operate reliably if that distance is 
it can accept a full cell" of data, and is asserted low by PHY increased. 

layer 14 when it is "ffill" and cannot accept a full cell of data; UTOPIA ports generally operate at high frequencies (e.g. 

and transmit clock signal TxClk 28 which is provided by 25 MHz). Appreciably long ribbon cables operating at high 

ATM layer 12 for synchronization of the data transfer firom speeds introduce undesirable problems such as cross-talk 

ATM layer 12 to PHY layer 14. 55 between conductors and voltage reflections due to the 

Transmitting data from ATM layer 12 to PHY layer 14 in uncontrolled impedance of the ribbon cable. These problems 

the CLH mode of operation is generally as follows. PHY cause degradation of signal integrity and skew problems in 
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which the timing relationships of the signals transmitted 
between the ATM layer and the PHY layer are altered. Skew 
problems can result in the violation of set-up and hold timing 
parameters resulting in corruption of data. 

One approach to address the signal integrity and skew 
problem is to employ specialized ribbon cable for transmit- 
ting differential signals, such as twisted pair conductors. 
However, this approach does not resolve the skew problem 
since skew can still result from differences in propagation 
delays for each signal through its respective differential 
driver, cable and receiver. Additionally, this approach 
doubles the number of conductors required for the parallel 
cable because each signal requires two conductors. Thus the 
already bulky ribbon cable further clutters the area between 
the ATM and PHY layer circuits. 

Another approach is to use ribbon cables interconnected 
with repeater circuits. The repeater circuits would operate as 
a bridge to reliably increase the effective length of the ribbon 
cable. However, this approach also compounds the problem 
of cluttering the space around the ATM switch, as well as, 
significantly increasing the cost of the system as the effective 
length of the ribbon cable grows. 

Thus, what is needed is a method and apparatus for 
implementing the parallel architecture of the UTOPIA bus 
which does not have undesirable effects, such as, degrading 
signal integrity, creating timing skew problems, encounter- 
ing physical space constraints, or employing high cost 
solutions. Additionally, what is needed is a method and 
apparatus for extending the distance over which ATM and 
PHY layer circuits may reliably operate. 

SUMMARY OF THE INVENTION 

A novel method and apparatus for providing a serial 
interface between an asynchronous transfer mode (ATM) 
layer and a physical (PHY) layer is disclosed. 

In one embodiment of the present invention, an extender 
circuit is disclosed. The extender circuit provides a serial 
communication interface between an ATM layer and a PHY 
layer. The extender circuit includes a first circuit serially 
coupled to a second circuit. The first circuit for communi- 
cating in parallel with the Al'M layer, and the second circuit 
for communicating in parallel with the PHY layer. The 
extender circuit additionally includes a serial link which 
serially transmits signals between the first and second cir- 
cuits. The serial link may comprise a first serial link for 
transmitting a first serial signal from the first circuit to the 
second circuit, and a second serial link transmitting a second 
serial signal from the second circuit to the first circuit. 

The first circuit and the second circuit comprise similar 
architecture. The first circuit comprises a parallel interface 
circuit for communicating in parallel with the ATM layer 
and a serial interface circuit coupled to the parallel interface 
circuit for serially communicating with the second circuit. 
The parallel interface circuit may comprise control circuitry, 
such as a programmable logic device, and memory circuitry, 
such as a first-in-first-out (FIFO) memory device. The serial 
interface circuit may comprise serializing/deserializing cir- 
cuitry which comprises serializing circuitry for serializing a 
plurality of parallel signals received from the parallel inter- 
face circuit and for outputting a plurality of serial output 
signals. The serializing/deserializing circuitry further com- 
prises deserializing circuitry for deserializing a plurality of 
serial input signals to form a plurality of deserialized signals 
which are provided to the parallel interface circuit. 

In another embodiment of the present invention, an inter- 
face circuit for interfacing an ATM layer to a serial bus is 
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described. The serial bus is operative to be coupled to a PHY 
layer. The interface circuit includes a parallel interface 
circuit communicating in parallel with the ATM layer, and a 
serial interface circuit coupled to the parallel interface 

5 circuit and serially coupled to the serial bus. The parallel 
interface circuit comprises control circuitry, such as a pro- 
grammable logic device, and memory circuitry, such as a 
first-in-first-out (FIFO) memory device. The serial interface 
circuit may comprise serializing/deserializing circuitry 

10 which comprises serializing circuitry for serializing a plu- 
rality of parallel signals received from the parallel interface 
circuit and for outputting a plurality of serial output signals. 
The serializing/deserializing circuitry further comprises 
deserializing circuitry for deserializing a plurality of serial 

15 input signals to form a plurality of deserialized signals 
which are provided to the parallel interface circuit. 

In another embodiment of the present invention, an inter- 
face circuit for interfacing a PHY layer to a serial bus is 
described. 'ITie serial bus is operative to be coupled to an 

20 ATM layer. The interface circuit includes a parallel interface 
circuit communicating in parallel with the PHY layer, and a 
serial interface circuit coupled to the parallel interface 
circuit and serially coupled to the serial bus. The parallel 
interface circuit comprises control circuitry, such as a pro- 

25 grammable logic device, and memory circuitry, such as a 
first-in-first-out (FIFO) memory device. The serial interface 
circuit may comprise serializing/deserializing circuitry 
which comprises serializing circuitry for serializing a plu- 
rality of parallel signals received from the parallel interface 

30 circuit and for outputting a plurality of serial output signals. 
The serializiog/deserializing circuitry further comprises 
deserializing circuitry for deserializing a plurality of serial 
input signals to form a plurality of deserialized signals 
which are provided to the parallel interface circuit, 

35 In another embodiment of the present invention, a novel 
method is described for serially transmitting a plurality of 
signals between an ATM layer and a PHY layer via an 
extender circuit. The method comprises: generating a first 
plurality of parallel signals; serializing the first plurality of 

40 parallel signals to form a first plurality of serial signals; 
transmitting the first plurality of serial signals between the 
ATM layer and the PHY layer; and deserializing the first 
plurality of serial signals to form a second plurality of 
parallel signals. The second plurality of parallel signals are 

45 equivalent to the first plurality of parallel signals. The 
extender circuit includes a memory circuit for storing the 
second plurality of parallel signals. The method further 
provides the second plurality of parallel signals to the 
memory circuit and outputs the second plurality of parallel 

50 signals from the memory circuit. A first flag condition is 
signaled when the memory circuit contains a first predeter- 
mined number of the second plurality of parallel signals. A 
first control code is generated in response to the memory 
circuit signaling the first flag condition. The first control 

55 code is serialized to form a first serialized control code 
which is transmitted between the ATM layer and the PHY 
layer. The first control signal disables the transmission of the 
first plurality of signals between the ATM layer and the PHY 
layer. A second flag condition is signaled when the memory 

60 circuit contains a second predetermined number of the 
second plurality of parallel signals. A second control code is 
generated in response to the memory circuit signaling the 
second flag condition. The second control code is serialied 
to form a second serialized control code which is transmitted 

65 between the AOlM layer and the PHY layer. The second 
control signal enables the transmission of the first plurality 
of data signals between the ATM layer and the PHY layer. 
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Other features and advantages of the present invention FIG. 20 illustrates a state diagram according to the present 

will be apparent from the accompanying drawings and from invention for generating RxEnb* and HOTLINK_IDLE in 

the detailed description that follows. accordance with FIG. 136. 

BRIEF DESCRIPTION OF THE WINGS FIG. 21 illustrates one embodiment of the present inven- 

5 tion for generating Tx_FIFO_SOC of FIG. 13a. 

The features and advantages of the present invention are piG. 22 illustrates one embodiment of the present inven- 

illustrated by way of example and are by no means mtended ^-^^ generating the write enable input of FIFO 1306 of 

to limit the scope of the present mvention to the particular pjQ 

embodiments shown. ... 

™„ ^ ... . , r , in FIG. 23 illustrates one embodunent of the present mven- 

1« Illustrates a prior art asynchroiious transfer mo^ 30 generating RxEmpty*/RxClav at a PHY layer in 

(ATM) layer communicatmg m paraUel with a physical accordance with HG. 13a 

(PHY) layer. .„ . 

11 * . . - • , r FIG. 24 illustrates one embodiment of the present mven- 

FIG. lb illustrates the transmit and receive signals of a |- , xnT:r\ cktd «f cir^ ii« 

^ .™ , , • • 11 1 ti. r.tTv ^lon for generating ATM_FIFO_ENR of FIG. 13^. 

prior art ATM layer communicatmg in parallel with a PHY ^ ^ ^ 

Jayer 35 tlG. 25 illustrates one embodiment of the present inven- 

r:'^ u A' . P.u tion for generating ATM HL Tx ENA,Am HL Tx 

HG. 2 illustrates one embodiment of the present mven- c^r^ t\ a ut ^ rT* mr^ 11 "~ ~ ~ 

SC__D and ArM_HL_Tx_Data of FIG. 13fl. 



tion. 



i^y^ a 11 * * *u L J- * r . FIG. 26 illustrates one embodiment of the present in ven- 

tlG. 3 illustrates another embodiment of the present ^ nr-^ ii ir V11 rirr^ T^l 

invention " generatmg ArM_FIFO„Half_Full of FIG. 13b. 

nG.4Ulustratesthesteadystatemodeofoperationofthe . FIG- 27 illustrates one embodiment of the present inven- 

present invention for transmitting a ceU of data from the regeneratmg the panty signal TxPrty at a PHY layer. 

ATM layer to the PHY layer. FIG. 28 illustrates one embodiment of a serial media 

FIG. 5 illustrates the steady state mode of operation of the interface cucuit. 

present invention for transmitting a cell of data from the 25 DETAILED DESCRIPTION 
PHY layer to the ATM layer. 

HG. 6 illustrates an 8-bit embodiment of the present ^ "^^^^""^ apparatus for providing a serial interface 

invention implementing the method of operation described ^^^"^^^ an asynchronous transfer mode (ATM) layer and a 

^ pjQ 4 physical (PHY) layer is described. In the following 

r^r^ T n * * *u J ^ *u *- *■ r 30 description, for purposes of explanation, Specific nomencla- 

FIG. 7 illustrates a method of the present mvention for ^ - * f -*u * -a u j * 

. * * 4 f 11 • o/^/- ture IS set forth to provide a thorough understandmg of the 

regenerating the transmit start of cell signal TxSOC. , • ^. „ •* -n u * * 1 -n j 

°_ _ „f . ^ present invention. However, It will be apparent to one skilled 

HG. 8 illustrates 16-bit embodiment of the present mven- ^ the art that these specific details are not required to 

Uon miplementmg the method of operation described in practice the present invention. In other instances, well 

35 known circuits and devices are shown in block diagram form 

FIG. 9 illustrates an 8-bit embodiment of the present to avoid obscuring the present invention unnecessarily. An 

invention implementing the method of operation described asterisk symbol, is utilized with signal names to indi- 

m FIG. 5. cate that the signal is an active low signal. The present 

FIG. 10 illustrates a method of the present invention for invention is described throughout with respect to the UTO- 

regenerating the receive start of cell signal RxSOC. PIA bus interface between an ATM layer and a PHY layer. 

FIG. 11 illustrates 16-bit embodiment of the present However, it will be appreciated that the scope of the inven- 

invention implementing the method of operation described tion extends, in general, to providing a serial communication 

in FIG. 5. interface between the parallel bus interfaces provided by 

no. 12 illustrates the interaction of the steady state mode ^™ l^y^"^ and PHY layers, 
and the FIFO state update mode of the present invention. 45 The present invention describes an extender circuit, 

no. 13a illustrates an ATM interface embodiment of the including a serial link, which serializes the parallel bus 

present invention for implementing the steady state mode interface of the ATM layer and the PHY layer. The serial- 

and the FIFO state update mode of FIG. 12. ization of the paraUel bus maintains signal integrity of 

HG. 136 iUustrates a FllY interface embodiment of the ^^^nals serially communicated between the Am layer and 

present invention for implementing the steady state mode the PHY layer, and ehmmates crosswalk and skew problems 

and the FIFO state update mode of FIG. 12, associated with operatmg a high speed parallel bus. By 

™^ -.^ . .J. ^ L eliminatmg the skew problems present in high Speed parallel 

FIG 14 lUustmes one embodiment of the present mven- ^, ^ ^e extended to virtiaUy any length. 

t.on for generaung TxFuU'/TxClav at an ATM layer m AdditionaUy. the speed of the parallel bus, now operating 

accordance with FIG. 13a. , . ' 

, ^ .55 over the serial link, can be increased by any factor withm the 

FIG. 15 lUustrates one embodiment of the present mven- operating range of the extender circuit. The extender circuit 

tion for generatmg Rx_FlFO_SOC of FIG. m also significanUy reduces the size of the interface media 

FIG. 16 illustrates one embodiment of the present inven- from the wide paraUel cables to a serial link, thus decreasing 

tion for generating TxEnb* at a PHY layer in accordance the amount of clutter introduced to an ATM switch, 
with FIG. 13^. gQ jjjg extender circuit provides a seamless serial interface 

no. 17 iUustrates one embodiment of the present inven- between an ATM layer and a PHY layer, that is, the ATM 
tion for generating PHY_FIFO_ENR of FIG. 136. ' layer and the PHY layer transmit and receive data informa- 

FIG. 18 illustrates one embodiment of the present inven- tion and control signals between each other without 

tion for generating PHY_HL_Tx_ENA, PHY_HL_Tx_ knowing, or having a need to know, that the extender circuit 
SC_D and PHY_HL_Tx_Data of FIG. 13b. 55 is present. The extender circuit accompUshes this task by 

FIG. 19 illustrates one embodiment of the present inven- reproducing the ATM layer interface at the PHY layer and 

tion for generating PHY_FIFO_HaIf„Full of FIG. 13a. reproducing the PHY layer interface at the ATM layer. Thus, 
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the extender circuit commuoicates in parallel with the ATM allows a first serial signal to be transmitted from serializer 

and PHY layers, but transmits data information between the 2802 and across coaxial cable 2808, while a second serial 

two layers in a serial fashion. Additionally, the extender signal is simultaneously received from coaxial cable 2808 

circuit optimizes the bandwidth of the serial transfer by not into deserializer 2804 

transferring the control signals across the serial link, rather. 5 ^ .^ated that other serial media interface 

the extender cu-cuit regenerates the control signals at the . * j • * Arj^M • . _r mo ^ 

ATM and PHY layers. It will be appreciated by one skilled ™" be incorporated into ATM interface 208 and 

in the art, however, that the spirit and scope of the present PHY "iterface 210 withm the scope of the pre^nt invention, 

invention can be extended to serializing and communicating including hybrids circuits generally employed in telephone 

one or more of the UTOPIA control signals between the ^y^^^^^ ^P^^^^^ transformers coupled to media 

ATM and PHY layers. '° matching networks. 

One embodiment of the present invention is illustrated in Extender circuit 206 provides a seamless interface 

FIG. 2. FIG. 2 shows a communication system 200 com- between ATM layer 202 and PHY layer 204. That is, 

prising ATM layer 202, PHY layer 204 and extender circuit extender circuit 206 receives and transmits data between 

206. Extender circuit 206 provides a serial communication ^™ '^y^^ 202 and PHY layer 204 without either layer 

interface between ATM layer 202 and PHY layer 204. ATM knowing, or having a need to know, that extender circuit 206 

layer 202 communicates in paraUel with extender circuit 206 ^ present. In order to perform this function, extender circuit 

via a UTOPIA bus comprising transmit interface 212 and ^06 must also receive and provide the handshaking control 

receive interface 214. PHY layer 204 communicates in signals TxEnb*, TxSOC, TxClk, TxFull*yTxClav, RxEnb*, 

parallel with extender circuit 206 via a UTOPIA bus com- 20 ^^^^ RxEmpty*/RxClav. This is accom- 

prising transmit interface 220 and receive interface 222. plished by ATM interface 208 and PHY interface 210 and 

Transmit interfaces 212 and 220 each comprise the UTOPIA ^ described in greater detail below, 

transmit data and control signals, that is, TxData, TxEnb*, When a parallel cell of data (TxData) is to be transmitted 

TxSOCTxClk and TxFull*^xClav. Receive interfaces 214 from ATM layer 202 to PHY layer 204, PHY layer 204 

and 222 each comprise the UTOPIA receive data and control 25 asserts TxFull*/TxClav to a high logic level. ATM interface 

signals, that is, RxData, RxEnb*, RxSOC, RxClk and 208 regenerates TxFull*/TxClav having a high logic level at 

RxEmpty*/RxClav. ATM layer 202. If there is data ready for the PHY layer. 

Extender circuit 206 includes ATM interface 208 and layer 202 responds by asserting a low logic level on 

PHY interface 210. ATM interface 208 is coupled to, and TxEnb*, placing the cell data on transmit interface 212 and 

communicates in parallel with, ATM layer 202 via transmit 30 asserting TxSOC together with the first byte of cell data, 

interface 212 and receive interface 214. Similarly, PHY interface 208 receives and pnDcesses TxEnb* and 

interface 210 is coupled to, and communicates in parallel TxSOC, serializes the parallel cell data and serially transmits 

with, PHY layer 204 via transmit interface 220 and receive the cell data across serial link 216 to PHY interface 210. 

interface 222. ATM interface 208 is coupled serially to, and PHY interface 210 deseriaUzes the cell data and provides the 

communicates serially with, PHY interface 210 via serial 35 deserialized cell data to PHY layer 204. Transmit control 

links 216 and 218. Serial links 216 and 218 may comprise signals TxEnb* and TxSOC are not transmitted from ATM 

any serial media including, for example, single-conductor interface 208 to PHY interface 210, rather, they are regen- 

media, coaxial cable, fiber optic media, or differential media. crated by PHY interface 210. In an alternative embodiment, 

Additionally, serial finks 216 and 218 may comprise only TxSOC may not be processed by ATM interface 208, but is 

one serial media simultaneously transmitting signals 40 still regenerated by PHY interface 210. 

between ATM interface 208 and PHY interface 210. Cell data is sent from PHY layer 204 to ATM layer 202 

One embodiment of a single serial medium which may in a similar manner If there is data ready for the ATM layer, 

simultaneously transmit signals between an ATM interface PHY layer 204 generates the signal RxEmpty*/Rxaav 

and a PHY interface is illustrated in FIG. 28. FIG. 28 shows having a high logic level, and provides this signal to PHY 

serial media interface circuit 2800 including a seriafizer 45 interface 210 via receive interface 222. PHY interface 210 

2802 having differential serial outputs coupled to the pri- responds by asserting a low logic level on RxEnb*. PHY 

mary side of transformer 2806. The secondary side of layer 204 then provides cell data (RxData) to PHY interface 

transformer 2806 has one terminal coupled to a low logic 210 via receive interface 222, and asserts RxSOC together 

level, such as a ground source, and the other terminal with the first byte of cell data. PHY interface 210 receives 

coupled to resistors 2814 and 2816 at node 2820, The 50 and processes RxSOC, serializes the paraUel cell data and 

differential serial outputs of serializer 2802 are coupled to serially transmits the cell data across serial link 218 to ATM 

termination resistors 2810 and 2812 which may comprise interface 208. ATM interface 208 deseriafizes the cell data 

270 ohms each in one embodiment. Other termination and provides the deserialized cell data to ATM layer 202. 

schemes may also be used. Resistor 2814 is also coupled to RxSOC is not transmitted from PHY interface 210 to ATM 

coaxial cable 2808. Resistor 2816 is coupled to resistor 2818 55 interface 208, rather, it is regenerated by ATM interface 208. 

and to one differential input of deserializer 2804 at node lo an alternative embodiment, RxSOC may not be processed 

2822. Resistors 2814 and 2816 comprise equivalent resistor by PHY interface 210, but is still regenerated by ATM 

values, and in one embodiment comprise 50 ohms. The other interface 208. ATM interface 208 additionally regenerates 

differential input of deseriafizer 2804 is coupled to coaxial RxEmpty*/RxClav and receives RxEnb* from ATM layer 

cable 2808. Resistor 2818 and coaxial cable 2808 comprise 60 202 to ensure proper operation of the UTOPIA bus interface, 

equivalent resistance values. In one embodiment, resistor FIG, 3 illustrates another embodiment of the present 

2818 and coaxial cable 2808 comprise 75 ohms. invention. FIG. 3 shows a communication system 300 

A serial media interface circuit 2800 may be incorporated comprising ATM layer 302, PHY layer 304 and an extender 

into each of ATM interface 208 and PHY interface 210. circuit 306. Extender circuit 306 comprises ATM interface 

Coaxial cable 2808 provides a serial fink for transmitting 65 308, PHY interface 310 and serial finks 320 and 322. AI^ 

serial signals between the ATM and PHY interfaces. The interface 308 comprises parafiel interface circuit 312 and 

differential nature of serializer 2802 and deserializer 2804 serial interface circuit 314, Parallel interface circuit 312 is 
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coupled to, and communicates in parallel with, ATM layer layer 304 along with data signals TxData and RxData. For 
302 and serial interface circuit 314. Serial interface circuit example, when cell data is transmitted from ATM layer 302 
314 is additionally serially coupled to PHY interface 310 via to PHY layer 304, TxFull*/TxClav is first asserted to a high 
serial links 320 and 322. Serial links 320 and 322 may also logic level by PHY layer 304. TxFull*/TxClav is then 
comprise only one serial link for simultaneously transmit- 5 serialized by serializer 340, transmitted via serial hnk 322 to 
ting serial signals between ATM interface 308 and PHY deserializer 334, deserialized by deserializer 334 and pro- 
interface 310 (such as illustrated in FIG. 28). Parallel vided to ATM layer 304 by control logic 328. ATM layer 302 
interface circuit 312 includes control logic 328 coupled to responds by asserting TxEnb* to a low logic level and 
FIFO 332. FIFO 332 is a first-in-first-out memory circuit placing transmit data TxData on parallel bus 324 to be 
which is utilized for queuing data. Control logic 328 is jq seriahzed by serializer 330 and transmitted, via serial link 
coupled to ATM layer 302 via parallel bus 324, and FIFO 320, to PHY layer 304. Whenever TxFull*ya'xClav is 
332 is coupled to ATM layer 302 via parallel bus 326. asserted to a low logic level by PHY layer 304, the transfer 
Parallel bus 324 and parallel bus 326 comprise a UTOPIA of TxData from ATM layer 302 to PHY layer 304 must stop 
bus. Serial interface circuit 314 includes serializer 330 at the end of the cunent cell of data in CLH mode. However, 
coupled to control logic 328 and serial link 320, and there is a latency delay for transmitting TxFuIl*/TxClav 
deserializer 334 coupled to control logic 328, FIFO 332 and from PHY layer 304 to ATM layer 302 comprising the delay 
serial link 322. through serializer 340, serial hnk 322 and deseriahzer 334. 

In a similar manner, PHY interface 310 comprises parallel A similar latency delay exists for TxData and TxEnb* 

interface circuit 318 and serial interface circuit 316. Parallel transmitted through serializer 330, serial link 320 and dese- 

interface circuit 318 is coupled to, and communicates in 20 nalizer 336. Due to this latency in the system, it is possible 

parallel with, PHY layer 304 and serial interface circuit 316. that TxFull*/TxClav may be asserted to a low logic level by 

Serial interface circuit 316 is additionally serially coupled to PHY layer 304 but not reach ATM layer 302 until after 

ATM interface 308 via serial links 320 and 322. Parallel another cell of data has commenced transmission to PHY 

interface circuit 318 includes control logic 342 coupled to layer 304. Therefore, data may be lost due to the latency. 

FIFO 338. FIFO 338 is a first-in-first-out memory circuit 25 With the inclusion of FIFOs 332 and 338 the latency issue 

which is utilized for queuing data. Control logic 342 is is resolved. When PHY layer 304 indicates that it has no 

coupled to PHY layer 304 via parallel bus 346, and FIFO more room for cell data by asserting TxFull*/TxClav to a 

338 is coupled to PHY layer 304 via parallel bus 344. low logic level, FIFO 338 can store the bytes of cell data 

Parallel bus 344 and parallel bus 346 comprise a UTOPIA which were transmitted fi-om ATM layer 304 before it 

bus. Serial interface 316 includes serializer 340 coupled to 30 receives the TxFull*/TxClav comprising a low logic level, 

control logic 342 and serial hnk 322, and deserializer 336 The cell data can then be read out of FIFO 338 when PHY 

coupled to control logic 342, FIFO 338 and serial link 320. layer 304 is ready to accept it. FIFO 332 resolves a similar 

It will appreciated that FIFOs 332 and 338 may comprise problem for RxData sent from PHY layer 304 to ATM layer 

other types of memory devices (e.g. dual-port RAM) which 302. 

are capable of performing a queuing function with or 35 As described previously, the main characteristic of CLH 

without external logic. mode is that once a cell transmission begins, all 53 bytes of 

In one embodiment of the present invention illustrated in cell data are sent in uninterrupted succession. While ceUs 

FIG. 3, control logic 328 and control logic 342 may com- may be sent consecutively per the UTOPIA architecture, 

prise dedicated logic or may be implemented by program- control logic 328 and control logic 342 introduce a gap 

mable logic devices (e.g. CPLDs, FPGAs, etc.) including, 40 between cells. During the cell gap, seriaUzers 330 and 340 

for example, CY7C371 32 Macrocell Complex Program- do not transmit cell data across serial links 320 and 322, 

mable Logic devices provided by Cypress Semiconductor rather, serializers 330 and 340 are designed to transmit 

Corporation. Additionally, FIFOs 332 and 338 may com- predefinedsequencesof data. For example, when serializers 

prise synchronous or asynchronous FIFO devices, or may 330 and 340 comprise HOTLink™ Transmitters, serializers 

comprise any type of memory device capable of storing data 45 330 and 340 will be disabled during the cell gap and will 

for retrieval by ATM layer 302 or PHY layer 304 (e.g. transmit K28.5 or "idle characters." The predefined 

single-port memories, dual-port memories, etc.) including, sequence of data will be hereafter referred to as an idle 

for example CY7C451 512x9 Clocked First In First Out character regardless of the composition of serializers 330 

(FIFO) memories provided by Cypress Semiconductor Cor- and 340 and without limiting the scope of the present 

poration. Serializers 330 and 340 may comprise any type of 50 invention. The cell gap may be designed to be of any 

serializing circuitry which is capable of converting parallel duration, but a two byte time gap will have the least amount 

data into a serial stream of data, including, for example, of impact on system bandwidth. The cell gap is utilized by 

CY7B923 HOTLink™ Transmitters provided by Cypress PHY interface 310 and ATM interface 308 in order to 

Semiconductor Corporation. Additionally, deserializers 334 communicate that a memory flag condition has occurred, 

and 336 may comprise any type of deserializing circuitry ss This is analogous to passing TxFull*yTxClav and RxEnb* 

which is capable of converting a serial stream of data into between the interfaces. The cell gap may also be utihzed to 

parallel data, including, for example, CY7B933 HOTlink™ reframe or synchronize deserializers 334 and 336 after 

Receivers provided by Cypress Semiconductor Corporation. power or a reset function has been appfied to communication 

HOTLink™ Transmitters and Receivers comprise differen- system 300 and/or extender circuit 306, or there has been 

tial serial output and input signals and may be coupled to 60 some other interruption of the operation of extender circuit 

media interface circuits to enable interconnections to serial 306 including breaks in serial links 320 and 322. 

media . Additionally, the cell gap is utifized to regenerate the start of 

FIFOs 332 and 338 solve a potential latency problem in cell signals TxSOC and RxSOC at PHY layer 304 and ATM 

serializing the parallel UTOPIA bus architecture between layer 302 respectively as will be described in greater detail 

AI^M layer 302 and PHY layer 304. ITie latency problem 65 below. 

may exist when the receive and transmit control signals are Extender circuit 306 has two modes of operation for 

serialized and transmitted between ATM layer 302 and PHY implementing CLH mode for the UTOPIA bus, namely: a 
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Steady state mode and a FIFO state update mode. Extender RxEmpty*/RxClav to a high logic level and is provided to 
circuit 306 operates in the steady state mode when neither control logic 342 via parallel bus 346. At step 508, control 
FIFO 332 nor FIFO 338 contain a predetermined amount of logic 342 of PHY interface 310 asserts RxEnb* to a low 
cell data. In the steady state mode cell data is transmitted and logic level indicating that PHY layer 304 may send RxDala 
received between ATM layer 302 and PHY layer 304 via 5 to ATM layer 302. At step 510, PHY layer 304 provides 
serial links 320 and 322 with a minimum amount of control. parallel cell data RxData and asserts RxSOC to a high logic 
Extender circuit 306 enters the FIFO state update mode level coincident with the first byte of cell data. RxData and 
when one of FIFOs 332 or 338 contains a predetermined RxClk are provided to control logic 342 via parallel bus 346. 
amount of cell data. This mode is analogous to TxFull*/ RxSOC is not processed by PHY interface 310. At step 512. 
TxClav or RxEnb* being asserted to a low and high logic jq control logic 342 transmits the cell data to serializer 340, 
level respectively, indicating that either PHY layer 304 or which converts the parallel cell data into a serial stream of 
ATM layer 302 cannot accept any more cell data. The data. Alternatively, the parallel cell data may be provided 
operation of the steady state mode and the FIFO state update directly to serializer 340. At step 514, serializer 340 trans- 
mode are described in more detail below. mits the serial stream of data to deserializer 334 via serial 

FIG. 4 illustrates the steady state mode of operation of 15 link 322. The control signals RxSOC, RxEnb*, and 

extender circuit 306 in CLH mode and transmitting parallel RxEmpty*/RxClav are not serialized and transmitted 

cell data from ATM layer 302 to PHY layer 304. At step 402, between PHY interface 310 and ATM interface 308. In 

communication system 300 and/or extender circuit 306 another embodiment of the present invention, the control 

receive power or a reset function. At step 404, control logic signals may be serialized and transmitted between PHY 

328 asserts TxFull*/TxClav to a high logic level and pro- 20 interface 310 and ATM interface 308. 

vides this signal to ATM layer 302 via parallel bus 324. At At step 516, deserializer 334 converts the serial stream of 

step 406, parallel cell data (TxData) becomes available at data back into the parallel cell data. At step 518, the receive 

ATM layer 302 to be sent to PHY layer 304, At step 408, start of ceU signal RxSOC is regenerated by deserializer 334, 

ATM layer 302 asserts TxEnb* to a low logic level, places FIFO 332 and control logic 328 as will be described in more 

parallel cell data on parallel bus 324 and asserts TxSOC to 25 detail with reference to FIGS. 8 and 9. At step 520, the 

a high logic level coincident with the first byte of cell data parallel cell data and the regenerated RxSOC are queued in 

only. TxSOC is not processed by ATM interface 308. At step FIFO 332 until ATM layer 302 is ready to accept the cell data 

410, control logic 328 transmits the cell data to serializer via parallel bus 326. In an alternative embodiment of the 

330, which converts the parallel cell data into a serial stream present invention, the parallel cell data and regenerated 

of data. Alternatively, the parallel cell data may be provided 30 RxSOC may be taken by ATM layer 302 directly from 

directly to serializer 330 instead of passing through control deserializer 334 and control logic 328 without being queued 

logic 328. At step 412, serializer 330 transmits the serial in FIFO 332. At step 522, RxEmpty*/RxClav is regenerated 

stream of data to deserializer 336 via serial link 320, and to a high logic level by ATM interface 308 and provided to 

further embeds the UTOPIA transmit dock, TxClk, in the ATM layer 302. RxEmpty*/RxClav may be regenerated by 

serial stream of data. The control signals TxSOC, TxEnb*, 35 FIFO 332 and/or control logic 328. When ATM layer 302 

and TxFull */TxClav are not serialized and transmitted to receives a high logic level on RxEmpty*/RxClav, it will 

deserializer 336. In another embodiment of the present assert RxEnb* when it is ready to read the cell data. At step 

invention they may be serialized and transmitted to deseri- 524, RxEnb* is asserted. Cell data and RxSOC are then 

alizer 336. output from FIFO 332 to ATM layer 302 via parallel bus 

At step 414, deserializer 336 converts the serial stream of 40 326, The remaining 52 bytes of cell data are then output to 

data back into the parallel cell data, and regenerates the ATM layer 302. 

embedded transmit clock TxClk. The regenerated TxClk As previously described, serializers 330 and 340 convert 

may also be used for receive dock RxClk, At step 416 the the parallel cell data into serial streams of data to be 

transmit start of cell signal TxSOC is regenerated by dese- transmitted across serial links 320 and 322 respectively. The 

rializer 336, FIFO 338 and control logic 342 as will be 45 transmit and receive clock signals TxClk and RxClk are used 

described in more detail with reference to FIGS. 6-7. At step to clock cell data into serializers 330 and 340. Serializers 

418, the parallel cell data and regenerated TxSOC are 330 and 340 additionally embed TxClk and RxClk into the 

queued in FIFO 338 until PHY layer 304 is ready to accept serial stream of data via encoding schemes, such as, the 

the cell data via parallel bus 344. In an alternative embodi- 8B/10B encoding/decoding scheme utilized by the HOT- 

ment of the present invention, the parallel cell data and 50 Link"^" Transmitters and Receivers, Deserializers 334 and 

TxSOC may be taken by PHY layer 304 directly from 336 convert the serial stream of data back into the parallel 

deserializer 336 and control logic 342 without being queued cell data and additionally utilize the encoding/decoding 

in FIFO 338. At step 420, PHY layer 304 indicates that it is scheme to recover or generate a dock of the same frequency 

ready to accept a cell of data from ATM layer 302 and asserts and phase, with respect to the serial stream of data, as clock 

TxFull*/TxClav to a high logic level. Control logic 342 55 TxClk and RxClk. Thus, the skew problems associated with 

receives TxFull */TxClav from PHY layer 304, At step 422, parallel bus communication are eliminated in the present 

TxEnb* is regenerated by FIFO 338 and/or control logic invention thus enabling the distance over which serial links 

342, and the cell data and TxSOC are output from FIFO 338. 320 and 322 may be operated to be significantly longer than 

The remaining 52 bytes of cell data are then output to PHY can be reliably implemented on a parallel bus, and enabling 

layer 304. 60 the transfer rate of the communication between ATM inter- 

FIG. 5 illustrates the steady state mode of operation of face 308 and PHY interface 310 to be scaled up to the Limits 

extender circuit 306 in CLH mode and transmitting parallel of the transfer rates of serializers 330 and 340 and deseri- 

cell data from PHY layer 304 to ATM layer 302. At step 502, alizers 334 and 336, It will be appreciated from the 

communication system 400 and/or extender circuit 306 foregoing, that the "embedding" of the clock signals TxClk 

receive power or a reset function. At step 504, parallel cell 65 and RxClk is a term of art. TxClk and RxClk are not 

data (RxData) becomes available at PHY layer 304 to be physically transmitted across serial links 320 and 322. It will 

sent to ATM layer 302. At step 506, PHY layer 304 asserts also be appreciated that TxClk and RxClk may be physically 
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transmitted across serial links 320 and 322, or additional 650 is also coupled to the input of inverter 660. The output 

serial links without deviating from the scope of the present of inverter 660 is coupled to the read enable input ENR* of 

invention. Additionally, the control signals TxEnb*, TxSOC, FIFO 610. 

TxFull*/rxClav, RxEnb*, RxSOC and RxEmpty*/Rxaav in operation, a cell of data is transmitted from ATM layer 

may be serialized and transmitted between ATM layer 302 5 602 to PHY layer 604 in the steady state mode and CLH 

and PHY layer 304 without deviating from scope and spirit mode in accordance with FIG. 4 as follows. At step 402, 

of the present invention. However, utilizing only one serial communication system 600 and/or the extender circuit 

link in each of the Transmit and Receive directions and not receive power or a reset function. At step 404, TxEnb* is 

passing the control codes results in increased data transmis- asserted to a high logic level by ATM layer 602 causing OR 

sion rates. 20 gate 628 of control logic 612 to assert TxFull*/TxClav to a 

FIG. 6 illustrates another embodiment of the present high logic level. This indicates to ATM layer 602 that it may 
invention which implements transmitting cell data from an transmit a cell of data to PHY layer 604 when a cell is 
ATM layer to a PHY layer in the steady state mode and CLH available. The system can do this after power up or reset 
mode as described in FIG. 4. FIG. 6 shows a communication since FIFO 610 will be empty and can store the cell data sent 
system 600 comprising ATM layer 602, PHY layer 604 and 15 across serial link 622 until PHY layer 604 is ready to accept 
an extender circuit comprising ATM interface 603, PHY it. As long as there is no cell data to transmit from ATM layer 
interface 605 and serial link 622. ATM layer 602 coupled to 602 to PHY layer 604, TxEnb* remains in a high logic state 
ATM interface 603, and PHY layer 604 coupled to PHY disabling serializer 606. In this state, serializer 606 will 
interface 605. ATM interface 603 is serially coupled to PHY generate idle characters and send these idle characters across 
interface 605 via serial link 622. ATM interface 603 includes 20 serial link 622 to PHY interface 605. At step 406, ATM layer 
serializer 606 which may comprise any serializing circuitry 602 has a cell of data ready to be transmitted to PHY layer 
such as HOTIink'^w Transmitter, and control logic 612 604. At step 408, ATM layer 602 asserts TxEnb* to a low 
which may comprise separate logic elements or a program- logic level which enables serializer 606 to accept parallel 
mable logic device such as CY7C371 32 Macrocell Flash cell data TxData at node 616 on each clock cycle of TxClk. 
PLD, Inputs D0-D7 of serializer 606 receive 8-bit parallel 25 TxSOC at node 632 is also asserted to a high logic level for 
cell data TxData at node 616, write dock input CKW of the first byte of cell data, however, TxSOC is not sent to 
serializer 606 receives TxClk at node 618, and enable input PHY interface 605, rather, it is regenerated by PHY interface 
ENA* of serializer 606 receives TxEnb* at node 620. 605 as will be described in greater detail below. 
Seriahzer 606 further couples serial output SO to serial link Additionally, when TxEnb* is at a low logic level, control 
622. Control logic 612 includes D-type flip-flop 626 and OR 30 logic 612 will cause TxFuU*/TxClav at node 630 to corn- 
gate 628. The D input of D-type flip-flop 626 is coupled to prise a low logic level on the next rising edge of TxClk. 
TxEnb* at node 620. The clock input of D-Type flip-flop 626 Given that the embodiment of FIG. 6 is operating in the CLH 
is coupled to TxClk at node 618. OR gate 628 receives the mode, the entire cell data will be sent even though TxFuU*/ 
output of D-type flip-flop 626 and TxEnb*, and provides TxClav has been subsequently driven to a low logic level. 
TxFull*/rxClav at node 630. In this embodiment, TxSOC at 35 At step 410, serializer 606 serializes the parallel cell data 
node 632 is not processed by ATM interface 603, rather, it to form a serial stream of data. At step 412, the serial stream 
is regenerated by PHY interface 605. of data is output from output SO and serially transmitted 

PHY interface 605 includes deserializer 608 coupled to across serial link 622 to deseriaUzer 608. At step 414, 

FIFO 610 and control logic 614. FIFO 610 is further coupled deserializer 608 receives the serial stream of valid cell data 

to control logic 614 and PHY layer 604. Control logic 614 40 and converts it into parallel cell data. The parallel ccU data 

is also coupled to PHY layer 604. PHY interface 605 also is provided from outputs Q0-Q7 of deserializer 608 to 

includes oscillator 634 coupled to reference clock input inputs D0-D7 of FIFO 610. When valid ceU data is output 

REFCLK of deserializer 608 and read dock input CKR of from serializer 608, read clock CKR is enabled and func- 

FIFO 610 at node 636. Oscillator 634 docks data out of lions as regenerated TxClk at node 638, write clock input 

deseriaUzer 608 and out of FIFO 610. Deserializer 608 45 CKW and read clock input CKR of FIFO 610. One byte of 

provides output read clock CKR to control logic 614, read parallel cell data is written into FIFO 610 on each dock cycle 

clock input CKR of FIFO 610 at node 638 and to write clock of write clock CKW. At step 416, TxSOC is regenerated as 

input CKW of FIFO 610 at node 638. Deserializer 608 described below with reference to FIG. 7. At step 418, cell 

outputs special character/data select SC/D* to write enable data is queued in FIFO 610 until PHY layer 604 is ready to 

input ENW* of FIFO 610 and to control logic 614 at node 50 accept it. When the first byte of ceU data is written into FIFO 

640. Deserializer 608 further provides parallel data outputs 610, the empty flag output Empty* will transition to a high 

Q0_Q7 to inputs D0-D7 of FIFO 610 at node 642. FIFO 610 level and be provided to one input of AND gate 662. At step 

outputs to PHY layer 604 parallel data TxData from outputs 420, PHY layer 604 indicates that it is ready to accept the 

Q0-Q7 at node 644, and TxSOC from Q8 at node 646. FIFO cell data by asserting TxFuU*/Txaav to a high logic level 

610 also couples empty flag output Empty* to control logic 55 at node 650. At step 422, TxFuU*/TxClav is inverted by 

614. Control logic 614 receives TxFull*/rxClav from PHY inverter 660 and provided to read enable input ENR* of 

layer 604 at node 650, and provides TxEnb* to PHY layer FIFO 610. AdditionaUy, TxFull*/TxClav is provided to 

604 at node 652. Control logic 614 comprises D-type AND gate 662 and, together with Empty*, cause TxEnb* to 

flip-flops 658 and 664, AND gate 662, and inverter 660. transition to a low logic level at node 652 on the next rising 

D-type flip-flop 658 has its D input coupled to node 640 and 60 dock edge of CKR at node 638. This indicates to PHY layer 

its clock input coupled to node 638. The output of D-type 604 that valid cell data is provided at node 644. Cell data is 

flip-flop 658 is coupled to the D8 input of FIFO 610. D-type provided from FIFO 610 to PHY layer 604 at node 644, 

flip-flop 664 has its D input coupled to the output of AND along with the regenerated TxSOC at node 646, on each 

gate 662, and its dock input coupled to node 638. The clock pulse of TxClk at node 648. 

inverted output of D-type flip-flop 664 provides TxEnb* at 65 Deserializer 608 operates in conjunction with control 

node 652 AND gate 662 receives Empty* from FIFO 610 logic 614 and FIFO 610 to regenerate TxSOC and provide 

and TxFull*/TxClav at node 650. TxFull*/TxClav at node the regenerated TxSOC to PHY layer 604 together with the 
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first byte of cell data output from FIFO 610. The regenera- in FIG. 8 may also be accomplished without adding serial- 

tion of TxSOC by PHY interface 605 will be described with izer 802, deserializer 804, FIFO 806 and serial link 810, by 

reference to FIG. 7. simply utilizing a serializer 606, deserializer 608 and FIFO 

At step 702 of FIG. 7, and prior to receiving the serial 610 having widths of 16 bits rather than 8 bits, 

stream of cell data, deserializer 608 receives the idle char- 5 FIG. 9 illustrates another embodiment of the present 

acters being transmitted from serializer 606. In response to invention which implements transmitting cell data from a 

receiving the idle characters at step 704, deserializer 608 PHY layer to an ATM layer in the steady state mode and 

outputs a high logic level on SC/D* to indicate that an idle CLH mode as described in FIG. 5. FIG. 9 shows a commu- 

character has been received and is being output on outputs nication system 900 comprising ATM layer 902, PHY layer 

QO-7. Given that SC/D* is coupled to the write enable jq and an extender circuit comprising ATM interface 903, 

ENW* of FIFO 610, FIFO 610 is disabled so that the idle PHY interface 905 and serial link 954. ATM layer 902 

characters will not be written into FIFO 610. At step 706, coupled to ATM interface 903 and PHY layer 904 coupled 

ATM layer 602 indicates that it has a cell of data to send and to PHY interface 905. ATM interface 903 and PHY interface 

asserts TxSOC to a high logic level coincident only with the 905 comprise an extender circuit according to the present 

first byte of cell data. TxSOC is not transmitted to PHY 15 invention. PHY interface 905 includes serializer 912 which 

interface 605. The cell data is serialized by serializer 606 and may comprise any serializing circuitry such as the HOT- 

sent to deserializer 608 via serial link 622 as described Link*^" Transmitter, and control logic 914 which may com- 

above. At step 708, deserializer 608 detects that the idle prise separate logic elements or a programmable logic 

characters are no longer being transmitted by serializer 606. device such as the CY7C371 32 macrocell Flash PLD. 

At step 710, deserializer 608 causes output SC/D* to tran- 20 Inputs D0-D7 of serializer 912 receive 8-bit parallel cell 

sition to a low logic level during the same dock cycle that the data RxData at node 958, write dock input CKW of serializer 

first byte of cell data is provided at outputs Q0--Q7 at node 912 is coupled to oscillator 918 and RxClk at node 956, and 

642. Therefore, deserializer 608 transitions SC/D* from a enable input ENA* of serializer 912 receives RxEnb* from 

high logic level to a low logic level when it detects its receipt control logic 914 at node 960. Serializer 912 further couples 

of vaUd cell data following idle characters. 25 serial output SO to serial link 954. Control logic 914 

At step 712, the low logic level on SC/D* is provided to receives RxEmpty*/RxClav at node 962 provides RxEnb* 

the D-input of D-type flip-flop 658 of control logic 614 and to serializer 912 and PHY layer 904 at node 960. Control 

enables write enable input ENW* of FIFO 610 at node 640. logic 914 comprises a state machine which has two states: 

Before the next rising edge of read dock CKR at node 638 cell gap 926 and count 928 which will be described in detail 

is provided to the clock input of D-type flip-flop 658, the Q 30 below. In this embodiment, RxSOC is provided to PHY 

output of D-type flip-flop 658 will still have a high logic interface 905 by PHY layer 904, but is not processed or 

level coupled to input D8 of FIFO 610. The Q output of utilized by PHY interface 905. 

D-type flip-flop 658 comprises an intermediate TxSOC ATM interface 903 includes deserializer 908 coupled to 

control signal. On the rising edge of the CKR at step 714, the FIFO 906 and control logic 910. FIFO 906 is further coupled 

intermediate TxSOC comprises a high logic level which will 35 to control logic 910 and ATM layer 902. ATM interface 903 

be written into input D8 of FIFO 610 along with the first byte also includes oscillator 916 coupled to reference clock input 

of cell data on inputs D0-D7. After the rising dock edge of REFCLC of deserializer 908 at node 946. Deserializer 908 

CKR, the Q output of D-type flip-flop 658 will transition to provides output read clock CKR to control logic 910 and to 

a low logic level causing the Q output of D-type flip-flop 658 the write dock input CKW of FIFO 906 at node 952, and 

to comprise a low logic level. As a result, the remaining 52 40 output special character/data select SC/D* to write enable 

bytes of cell data written into FIFO 610 for the active cell of input ENW* of FIFO 906 and to control logic 910 at node 

data will have a corresponding D8 bit having a low logic 950. Deserializer 908 further provides parallel data outputs 

level. Therefore, only the first byte of cell data will have D8 Q0-Q7 to inputs D0-D7 of HFO 906 at node 948. FIFO 906 

comprising a high logic level. At step 716, the first byte of outputs to ATM layer 902 parallel data RxData from outputs 

cell data is read from FIFO 610 on outputs Q0-Q7, and the 45 QO-07 at node 936, RxSOC from Q8 at node 938, and 

regenerated TxSOC is read from FIFO 610 on output Q8. empty flag output Empty* comprising RxEmpty*/RxClav at 

FIG. 8 iUustrates another embodiment of the present node 940. Control logic 910 includes D-type flip-flop 924 

invention comprising the embodiment illustrated in FIG. 6 which is configured to operate in a like manner as D-type 

operating in a 16-bit mode of operation. The embodiment flip-flop 658 described in FIG. 6, 

illustrated in FIG. 8 includes the same elements 602 through 50 In operation, a cell of data is transmitted from PHY layer 

664 as illustrated in FIG. 6, and operates in a like manner as 904 to ATM layer 902 in the steady state mode and CLH 

the embodiment iUustrated in FIG. 6. In order to increase the mode in accordance with FIG. 5, as follows. At step 502, 

bus width from 8 bits to 16 bits, the embodiment of FIG. 8 communication system 900 and/or the extender circuit 

employs an additional serializer 802, deserializer 804 and receive power or a reset function. At step 504, parallel cell 

FIFO 806. Serializer 802 is coupled in parallel with serial- 55 data (RxData) becomes available at PHY layer 904 to be 

izer 606 sharing TxClk at node 618 and TxEnb* at node 620. sent to ATM layer 902. At step 506, PHY layer 304 asserts 

The upper 8 bits of transmit data TxData (8: 15) are provided RxEmpty*/RxClav to a high logic level at node 962. At step 

to serializer 802 at node 808. Serializer 802 is serially 508 control logic 914 asserts RxEnb* at node 964 to a low 

coupled to deserializer 804 via serial link 810. Serial link logic level according to the state machine. Control logic 914 

810 is similar to, and operates in accordance with, serial link 60 utflizes RxEmpty*/RxClav provided by PHY layer 904 at 

622. Deserializer 804 and FIFO 806 are coupled in accor- node 964 to generate the appropriate signal state on RxEnb*. 

dance with, and operate in accordance with, deseriafizer 608 Control logic 914 comprises a state machine having two 

and FIFO 610. The outputs Q0-Q7 of RFO 806 provided states: cell gap 926 and count 928. When no valid cell data 

the upper 8 bits of data TxData (8:15) to PHY layer 604 at is available to be transmitted from PHY layer 904 to ATM 

node 814 in a similar fashion as the lower 8 bits of data 65 layer 902 (RxEmpty*/RxClav comprising a low logic level), 

TxData (0:7) are provided to PHY layer 604 at node 644. the state machine is in ceU gap state 926. When in the cell 

The 16-bit embodiment of the present invention illustrated gap state 926, control logic 914 asserts RxEnb* to a high 
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logic level. Since RxEnb* is coupled to the enable input 
ENA* of serializer 912, serializer 912 will be disabled and 
will transmit idle characters across serial link 954 to dese- 
rializer 908. Condition 930 indicates that so long as 
RxEmpty*/RxClav remains at a low logic level, the control 
logic will remain in cell gap state 926 and RxEnb* will 
remain at a high logic level. 

Condition 932 indicates when a parallel cell of data 
becomes available to be transmitted to ATM layer 902, PHY 
layer 904 asserts RxEmpty*/RxClav at node 962 to a high 
logic level, and the state machine transitions to count state 
928, Alternatively, the state machine may transition to count 
state one clock cycle after RxEmpty*/RxClav comprises a 
high logic level. Count state 928 asserts RxEnb* to a low 
logic level. This signal is provided at node 960 to PHY layer 
904 to indicate that the parallel cell data can be transmitted 
at node 958 to serializer 912, and also enables seriahzer 912 
at enable input ENA*. At step 510, the parallel cell data is 
then transmitted to serializer 912 and clocked into serializer 
912 by oscillator 918 which also regenerates RxClk at node 
956, RxSOC is asserted to a high logic level and provided 
by PHY layer 904 to PHY interface 905 together with the 
first byte of cell data. RxSOC is asserted to a low logic level 
for the remaining 52 bytes of cell data. In this embodiment, 
RxSOC is not processed by PHY interface 905, rather, it is 
regenerated by ATM interface 903 as will be described in 
greater detail with respect to FIG. 10. In count state 928, 
control logic 914 will count the 53 bytes of data comprising 
one cell of parallel data. As indicated by condition 934, 
when the count reaches the cell size of 53 bytes, the state 
machine transitions back to cell gap state 926. Once back in 
cell gap state 926, RxEnb* is reasserted to a high logic level 
disabling serializer 912 and causing idle characters to be 
transmitted to deserializer 908. 

In an altemative embodiment, control logic 914 may 
comprise a state machine as illustrated in FIG. 20. The state 
machine of FIG. 20 is described in greater detail below. In 
this embodiment, HOTLINK_IDLE is coupled to ENA* of 
serializer 912, and the state machine provides a separate 
signal to RxEnb* at node 960. 

At step 512, serializer 912 converts the parallel cell data 
to a serial stream of data. At step 514, serializer 912 
transmits the serial stream of data to deserializer 908 via 
serial link 954. The control signals RxEmpty*/RxClav, 
RxEnb*, and RxSOC are not transmitted to deserializer 908. 
At step 516, deserializer 908 receives the serial data sent by 
serializer 912 via serial link 908, and converts the serial data 
back to the parallel cell data. The parallel cell data is 
provided from outputs Q0-Q7 of deserializer 908 to inputs 
DO-D? of HFO 906. Serializer 908 provides output read 
clock CKR to write clock input CKW of FIFO 906. One byte 
of parallel cell data is written into FIFO 906 on each dock 
cycle of read clock CKR of deserializer 908. At step 518, 
RxSOC is regenerated as described below with reference to 
FIG. 10. At step 520, cell data is queued in FIFO 906 until 
ATM layer 902 is ready to accept it. At step 522, RxEmpty*/ 
RxClav is regenerated by FIFO 906 at node 940. When the 
first byte of cell data is written into FIFO 906, empty flag 
output Empty* is asserted to a high logic level. Empty flag 
output Empty is provided to ATM layer 902 as RxEmpty*/ 
RxClav. Therefore, when empty flag output Empty* is 
asserted to a high logic level, RxEmpty*/RxClav is asserted 
to a high logic level indicating to ATM layer 902 that a cell 
of data IS available. When ATM layer 902 is ready to accept 
the cell of data at step 524, AI"M layer 902 asserts RxEnb* 
to a low logic level at node 944 which is coupled to the read 
enable input ENR* of FIFO 906. The parallel cell data will 
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then be read out of FIFO 906 from outputs Q0-Q7 on each 
clock of RxClk which is provided at node 942 to read clock 
CKR of FIFO 906. Additionally, control logic 910, deseri- 
alizer 908 and FIFO 906 regenerate RxSOC such that output 

5 Q8 of FIFO 906 comprises RxSOC. The regeneration of 
RxSOC by ATM interface 903 will described in greater 
detail with reference to FIG. 10. 

At step 1002 of FIG. 10, and prior to receiving the serial 
stream of cell data, deserializer 908 receives the idle char- 

10 acters being transmitted from serializer 912. In response to 
receiving the idle characters at step 1004, deserializer 908 
outputs a high logic level on SC/D* to indicate that an idle 
character has been received and is being output on outputs 
QO-7. Given that SC/D* is coupled to the write enable 

IS ENW* of FIFO 906, FIFO 906 is disabled so that the idle 
characters will not be written into FIFO 906. At step 1006, 
PHY layer 904 indicates that it has a cell of data to send and 
asserts RxSOC to a high logic level coincident only with the 
first byte of cell data. RxSOC is not processed by PHY 

20 interface 905. The ceU data is seriaUzed by serializer 912 and 
sent to deserializer 908 via serial link 954 as described 
above. At step 1008, deseriahzer 908 detects that the idle 
characters are no longer being transmitted by serializer 912. 
At step 1010, deserializer 908 causes output SC/D* to 

25 transition to a low logic level during the same clock cycle 
that the first byte of cell data is provided at outputs Q0-Q7 
at node 948. Therefore, deserializer 908 transitions SC/D* 
from high logic level to a low logic level when it detects its 
receipt of valid cell data following idle characters. 

30 At step 1012, the low logic level on SC/D* is provided to 
the D-input of D-type flip-flop 924 of control logic 910 and 
enables write enable input ENW* of FIFO 906 at node 950. 
Before the next rising edge of read dock CKR at node 952 
is provided to the dock input of D-type flip-flop 924, Q 

35 output of D-type flip-flop 924 outputs a high logic level to 
input D8 of HFO 906, The Q output of D-type flip-flop 924 
comprises an intermediate RxSOC control signal. On the 
rising edge of the CKR at step 1014, the intermediate 
RxSOC comprises a high logic level which will be written 

40 into input D8 of FIFO 906 along with the first byte of cell 
data on inputs D0-D7. After the rising dock edge of CKR, 
the Q output of D-type flip-flop 924 wiU transition to a low 
logic level causing intermediate RxSOC to comprise a low 
logic level. As a result, the remaining 52 bytes of ceU data 

45 written into FIFO 906 for the active cell of data will have a 
corresponding D8 bit having a low logic level. Therefore, 
only the first byte of cell data will have D8 comprising a high 
logic level. At step 1016, the first byte of cell data is read 
from FIFO 906 on outputs Q0-Q7, and the regenerated 

50 RxSOC is read from FIFO 906 on output Q8. 

FIG. 11 illustrates another embodiment of the present 
invention comprising the embodiment fllustrated in FIG. 9 
operating in a 16-bit mode of operation. The embodiment 
illustrated in FIG. 11 includes the same elements 902 

55 through 964 as iUustrated in FIG. 9, and operates in a like 
manner, including the regeneration of all control signals, as 
the embodiment illustrated in FIG. 9. In order to increase the 
bus width from 8 bits to 16 bits, the embodiment of FIG. U 
includes an additional serializer 1108, deserializer 1106 and 

60 FIFO 1104. Serializer 1108 is coupled in parallel with 
serializer 912 sharing RxClk at node 956 and RxEnb* at 
node 960. The upper 8 bits of receive data RxData (8:15) are 
provided to serializer 1108 at node 1116. Serializer 1108 is 
serially coupled to deserializer 1106 via serial link 1118. 

65 Serial link 1118 is similar to, and operates in accordance 
with, serial link 954. Deserializer 1106 and FIFO 1104 are 
coupled in accordance with and operate in a like manner as 
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deserializer 908 aad FIFO 906. The outputs Q0-Q7 of FIFO is no longer enabled (e.g. reads enough cell data such that 

1104 provide the upper 8 bits of data RxData (8:15) to ATM FIFO 338 is less than half full), FIFO state update mode 

layer 902 at node 1102 in a similar fashion as the lower 8 bits transitions to step 1216. At step 1216, control logic 342 

of data RxData (0:7) are provided lo ATM layer 902 at node waits for a cell gap in the serial stream of data being 

936. The 16-bit embodiment of the present invention illus- 5 transmitted from PHY layer 304 to ATM layer 302 via serial 

trated in FIG. 11 may also be accomplished without adding link 322. When a cell gap is detected at step 1216, control 

serializer 1108, deserializer 1106, FIFO 114 and serial link logic 342 provides serializer 340 with a second control code 

1118, by simply utiUzing serializer 606, deserializer 608 and at step 1218 which is sent in place of the idle character 

FIFO 610 having widths of 16 bits rather than 8 bits. across serial Unk 322 to ATM interface 308. The second 

FIG. 12 illustrates the interaction of the steady state mode control code indicates that FIFO 324 has deasserted the 

and the FIFO state update mode. FIG. 12 will be described appropriate memory flag and functions as the TxFull*/ 

with reference to the embodiment of the present invention TxQav being asserted to a high logic level, m second 

described m FIG. 3. At step 1202, either a reset function or control code may comprise, for example, a HOTLink^" 

power is appUed to communication s>^tem 300 and/or j^g 3 ^^^trol code. At step 1220, deserializer 334 receives, 

extender circuit 306 Extender circuit 306 then enters the ^^^^^ j^^^ ^.^^es, the second control code. At 

steady state mode at step 1204. In the steady state mode, , 1*^* , , , • ^'>o ui *i- * • • r n 

^ J •* anr Ml • J * * 11 J * step 1222, control log;ic 328 enables the transmission of cell 

extender circuit 306 will receive and transmit cell data * : c at-»# 1 . t^tt^j- 1 -^a^ t. 

between ATM layer 302 and PHY layer 304 via extender t^^^ ^^"i^ ^^^^^ '? ^T' ^y asserting 

circuit 306 which wiU also receive and generate control , TxFull* A^xQay to a high logic level and providmg this 

signals TxEnb*, TxSOC, TxFull*/TxClav, RxEnb*, signal, via parallel bus 324, to ATM layer 302. Operation of 

RxSOC, and RxEmpty*/RxClav with a minimum amount of 20 extender circuit then returns to steady state mode at step 

control. Extender circuit 306 will remain in the steady state 1204. 

mode at step 1204 until either FIFO 332 or FIFO 338 The operation of transmitting cell data to from PHY layer 

contains a predetermined amount of cell data. With respect 304 to ATM layer 302 will now be described with reference 

to FIFO 338, when FIFO 338 contains the predetermined to the FIFO state update mode and CLH mode. As described 

amount of cell data it asserts a flag condition. The flag 25 above, in the steady state mode, cell data is transmitted from 

condition may indicate that FIFO 338 is either full, half-full, PHY layer 304 to ATM layer 302 via extender circuit 306. 

or contains another predefined number of bytes of cell data. Jhe cell data is queued in FIFO 332 of ATM interface 308. 

The flag condition may be judiciously chosen based on the when FIFO 332 queues a predetermined number of ceU data 

transfer rate of extender circuit 306 and the depth of the bytes it asserts a memory flag (e.g. the half-full flag). At step 

FIFO memory device utilized. When the memory flag is 33 1208, once FIFO 332 asserts a memory flag, control logic 

asserted, extender circuit 306 transitions into FIFO state 328 waits for ceU gap in the serial stream of data being 

update mode at step 1206. transmitted from ATM layer 302 to PHY layer 304 via serial 

In FIFO state update mode, extender circuit 306 interprets link 320. When a cell gap is detected at step 1210, control 

the memory flag asserted by either FIFO 338 or FIFO 332 logic 328 provides serializer 330 with a first control code 

as if TxFuU*/TxClav and/or RxEnb* has been asserted to a 35 which is sent in place of the idle character across serial link 

low and high logic level respectively. This indicates that 320 to PHY interface 310. The first control code indicates 

either PHY layer 304 or ATM layer 302 cannot accept any that FIFO 332 has asserted the appropriate memory flag and 

more ceU data. Steps 1208 through 1222 describe the FIFO functions as RxEnb* being asserted to a high logic level. The 

state update mode is more detail. first control code may comprise a HOTLink'^" K28.0 control 

First, the operation of transmitting cell data from ATM 40 code. At step 1212, deserializer 336 receives, and control 

layer 302 to PHY layer 304 is described with reference to logic 342 decodes, the first control code. At step 1214, 

CLH mode. As described above, in the steady state mode control logic 342 disables the transmission of cell data from 

cell data is transmitted from ATM layer 302 to PHY layer PHY layer 304 to ATM layer 302 by asserting RxEnb* to a 

304 via extender circuit 306. The cell data is queued in FIFO high logic level and providing this signal, via paraUel bus 

338 of PHY interface 310. When FIFO 338 queues a 45 346, to PHY layer 304. Transmission from PHY layer 304 to 

predetermined number of bytes of cell data, it asserts a ATM layer 302 will remain disabled so long as the memory 

memory flag (e.g. the half-full flag). At step 1208, once flag remains asserted by FIFO 332. 

FIFO 338 asserts a memory flag, control logic 342 waits for Once ATM layer 302 has read a suflScient amount of cell 

cell gap in the serial stream of data being transmitted from data from FIFO 332 such that the memory flag of FIFO 332 

PHY layer 304 to ATM layer 302 via serial link 322. When 50 is no longer enabled (e.g. reads enough ceU data such that 

a cell gap is detected at step 1210, control logic 342 provides FIFO 332 is less than half fuU), FIFO state update mode 

serializer 340 with a first control code which is sent in place transitions to step 1216. At step 1216, control logic 314 

of the idle character across serial link 322 to ATM interface waits for a cell gap in the serial stream of data being 

308. The first control code indicates that FIFO 338 has transmitted from ATM layer 302 to PHY layer 304 via serial 

asserted the appropriate memory flag and functions as the 55 link 320. When a cell gap is detected at step 1216, control 

TxFull*/TxClav being asserted to a low logic level. The first logic 328 provides serializer 330 with a second control code 

control code may comprise, for example, a HOTLink""* at step 1218 which is sent in place of the idle character 

K28.0control code. At step 1212, deserializer 334 receives, across serial link 320 to PHY interface 310. The second 

and control logic 328 decodes, the first control code. At step control code indicates that FIFO 332 has deasserted the 

1214, control logic 328 disables the transmission of cell data 60 appropriate memory flag and functions as the RxEnb* being 

from ATM layer 302 to PHY layer 304 by asserting TxFull*/ asserted to a low logic level. The second control code may 

TxClav to a low logic level and providing this signal, via comprise HOTLink™ K28.2 control code. At step 1220, 

parallel bus 324, to ATM layer 302. Transmission from ATM deseriahzer 336 receives, and control logic 342 decodes, the 

layer 302 to PHY layer 304 will remain disabled so long as second control code. At step 1222, control logic 342 enables 

the memory flag remains asserted by FIFO 338. 65 the transmission of ceU data from PHY layer 304 to ATM 

Once PHY layer 304 has read a suflicient amount of cell layer 302 by asserting RxEnb* to a low logic level and 

data from FIFO 338 such that the memory flag of FIFO 338 providing this signal, via paraUel bus 346, to PHY layer 304. 
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Operation of extender circuit then returns to steady state write enable input ENW* of FIFO 1320 at node 1392; read 

mode at step 1204. clock output CKR provides PHY_^_Rx__CKR to control 

FIGS. 13a and 12b illustrate another embodiment of the logic 1316, write clock CKW of FIFO 1320, and read clock 

present invention implementing both the steady state mode CKR of FIFO 1320 at node 1390; and parallel data outputs 

and the FIFO state update mode for transmitting cell data 5 Q0-Q7 provide PHY„HL_Rx_Data to control logic 1316 

between ATM and PHY layers in CLH mode. HG. 13a and inputs D0-D7 of FIFO 1320 at node 1394. PHY_HL„ 

illustrates ATM interface 1303 coupled to, and communi- Rx_CKR also comprises regenerated TxClk provided to 

eating in parallel with, ATM layer 1302. FIG. 13!? illustrates PHY layer 1304 at node 1428. OsciUator 1326 provides a 

PHY interface 1305 coupled to, and communicating in reference dock to input REFCLK of deserializer 1308. 

parallel with, PHY layer 1304. ATM interface 1303 is jq Oscillator 1326 is employed to synchronize deserializer 

coupled to, and communicates serially with PHY interface 1318 and may comprise 19.44 MHz in one embodiment. 

1305 via serial links 1328 and 1330. Serial links 1328 and Read enable input ENR* of FIFO 1320 receives PHY_ 
1330 may comprise only one serial link simultaneously FIFO_ENR at node 1404 from control logic 1316. FIFO 
transmitting serial signals between ATM interface 1303 and ^^^O couples three flag outputs to contrd logic 1316 
PHY interface 1305 (such as illustrated in HG. 28). ATM T^^^^^IS^^-^^.^S output HF*pra 

interface 1303, PHYinterface 1305 and serial Unks 1328 and t' ^ ^Ti f. 1^-^ 

i-»n • * J • * J- * *u * Empty at node 1400, and programmable full/empty nag 

1330 comprise an extender circuit accordmg to the present p^^, ^^^^.^^^ PHyLfIFO_PAFE at node 1398. Output 

invention. Q0-Q7 of FIFO 1320 provide TxDaU to PHY layer 1304 at 

ATM mterface 1302 compnses FIFO 1306. deserializer node 1432 and output Q8 provides TxSOC to PHY layer 

1308, control logic 1310 and serializer 1312. Deserializer 20 1304 at node 1430. Read clock input CKR of FIFO 1320 

1308 receives serial data at input SI from PHY interface receives PHY_HL„Rx__CKR from deserializer 1318 at 

1305, converts the serial data to parallel data and provides node 1390. Oscillator 1324 also provides PHY_Rx_Ref_ 

the parallel data to FIFO 1306 and control logic 1310. Clk write clock input CKW of serializer 1314 and to control 

Deserializer 1308 outputs the following signals: output logic 1316. Additionally, oscillator 1324 regenerates RxClk 

SC/D* provides ArM_HL_Rx_SC_D to control logic 25 and provides RxClk to PHY layer 1304 at node 1406. 

1310 and write enable input ENW* of FIFO 1306 at node Control logic 1316 further receives the following signals 

1362, read clock output CKR provides ATM_HL_Rx_ from PHY layer 1304: RxData at node 1408, RxEmpty*/ 

CKR to control logic 1310 and write dock CKW of FIFO RxClav at node 1420, RxSOC at node 1422 and TxFull*/ 

1306 at node 1364, and parallel data outputs Q0-Q7 provide TxQav at node 1424. Control logic 1316 also provides PHY 
ArM_HL_Rx_Data to control logic 1310 and inputs 30 l^y^r 1^04 with RxEnb* at node 1410 and TxEnb* at node 
D0-D7 of FIFO 1306 at node 1358. Oscillator 1322 pro- 1^26. Control logic 1316 further provides to serializer 1314, 
vides a reference dock to input REFCLK of deserializer PHY_HL_Tx_Data to data inputs 00-07 at node 1382, 
1308. Oscillator 1322 is employed to synchronize deserial- ^"^^ J^j' 
izer 1308 and may comprise, for example, 19.44 MHz in one PHY_HL Tx_SC^D to mput SC/D* at node 1386. 

u J* . J ui • * cKm* c r^TT7r\ iiA^ Control logic also receives PHY Master Reset at node 

embodimem^ ^^^'i,"^^"^' "^P^l FIFO 1306 35 1388. Also PHY Master Reset and ATMlMaster^Reset 

T^^a^^^:!^^ -f- u . l""^^ also be applied to serializers 1312 and 1314, deserial- 

1310. HFO 1306 couples three flag outputs to control logic -^^^ ^^^^ ^^^^ pjp^^ ^^^^ ^^^0, Serializer 

1310, namely: half-fdl flag output HF* provides ATM^ 13^4 outputs serial data from output SO to serial Unk 

FIFO_HF at node 1352, full/empty flag F*/E* provides ^^2$. It wiU be appreciated that the extender circuit illus- 

ATM_FIFO_Empty at node 1354, and programmable full/ 40 (rated in FIGS. 13a and 13^?, may comprise variable bus 

empty flag PAFE* provides ATM_FIFO_PAFE at node widths, such as 16-bit bus widths accomphshed in the same 

1356. Outputs Q0-Q7 of FIFO 1306 provide RxOata to spirit as described with respect to FIGS. 8 and 11. 

ATM layer 1302 at node 1332 and output Q8 provides Control logic 1310 and 1316 may comprise dedicated 

RxSOC to ATM layer 1302 at node 1334. Read dock input logjc or may be implemented by programmable logic 

CKR of FIFO 1306 receives RxClk from ATM layer 1302 at 45 devices (e.g. CPLDs, FPGAs, etc.) including, for example, 

node 1336. CY7C371 32 MacroceU Complex Programmable Logic 

Control logic 1310 further receives the following signals devices provided by Cypress Semiconductor Corporation, 
from ATM layer 1302: RxEnb* at node 1340, TxSOC at Additionally, FIFOs 1306 and 1320 may comprise synchro- 
node 1342, TxData at node 1344, TxEnb* at node 1348, and nous or asynchronous FIFO devices, or may comprise any 
TxClk at node 1350. Control logic 1310 provides 50 type of memory device capable of storing data for retrieval 
RxEmpty*/RxClav to ATM layer 1302 at node 1338, and by ATM layer 1302 or PHY layer 1304 (e.g. single-port 
TxFull*/rxClav at node 1346. Control logic 1310 further memories, dual-port memories, etc.) including, for example 
provides to serializer 1312, ArM_HL_Tx_Data to data CY7C451 512x9 Clocked First In First Out (FIFO) memo- 
inputs D0-D7 at node 1368, ArM_HL_Tx_ENA to enable ries provided by Cypress Semiconductor Corporation. Seri- 
input ENA* at node 1370, and ArM„HL_Tx_SC_„D to 55 alizers 1312 and 1314 may comprise any type of serializing 
input SC/D* at node 1372. Control logic 1310 also receives circuitry which is capable of converting parallel data into a 
ArM„Master__Reset at node 1374. Write dock input CKW serial stream of data, including, for example, CY7B923 
of serializer 1312 also receives TxClk at node 1350, and HOTLink™ Transmitters provided by Cypress Semiconduc- 
seriahzer 1312 outputs serial data from output SO to serial tor Corporation. AdditionaUy, deserializers 1308 and 1318 
link 1330. 60 may comprise any type of deserializing circuitry which is 

PHY interface 1305 comprises FIFO 1320, deseriahzer capable of converting a serial stream of data into parallel 

1318, control logic 1316 and seriaUzer 1314. Deserializer data, including, for example, CY7B933 HOTLink'^** 

1318 receives serial data from ATM interface 1303 at input Receivers provided by Cypress Semiconductor Corporation. 

SI, converts the serial data to paraUel data and provides the HOTLink''" Transmitters and Receivers comprise differen- 

parallel data to FIFO 1320 and control logic 1316, Deseri- 65 tial serial output and input signals and may be coupled to 

alizer 1318 outputs the following signals: output SC/D* media interface circuits to enable interconnections to serial 

provides PHY_HL_Rx_SC_D to control logic 1316 and media. 
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The operation of the FIGS. 13a and 136 will now be 
described. First, the operation of transmitting a cell of data 
in CLH mode from ATM layer 1302 to PHY layer 1304 will 
be described with reference to FIG. 12 and FIG. 4. At step 
1202 of FIG. 12, the extender circuit comprising ATM 5 
interface 1302, PHY interface 1304 and serial links 1328 and 
1330 receives power or a reset function applied from ArM_ 
Master_Reset at node 1374 and/or PHY_Master_Reset at 
node 1388. Both ArM_Master_Reset and PHY_Master_ 
Reset are active low signals. At step 1204, the extender 
circuit enters the steady state mode of operation, and will 
stay there so long as a memory flag is not asserted to a valid 
state by FIFO 1320. The steady state mode of operation will 
now be described with reference to FIG. 4 with step 402 
already completed. At step 404, control logic 1310 asserts 15 
TxFull*/TxClav to a high logic level at node 1346 which 
indicates that ATM layer 1302 may transmit a cell of data to 
PHY layer 1304 when the ceU is available. TxFull*/TxClav 
is generated by one embodiment of control logic 1310 as 
illustrated in FIG. 14. FIG. 14 shows D-type flip-flop 1452 20' 
having a D input coupled to TxEnb* at node 1348. TxEnb* 
is also coupled to one input of OR gate 1454. D-type 
flip-flop 1452 further is clocked by TxClk from node 1350 
and has its Q output coupled to an input of OR gate 1454 at 
node 1453. FIG. 14 further shows AND gate 1456 receiving 2s 
the output of OR gate 1454 at node 1455 and PHY__FIFO_ 
Half_Full at node 1458. PHY_FIFO_Half_Full com- 
prises the state of the half-full flag HF* of HFO 1320 
maintained by control logic 1310. When PHY_FIFO_ 
Halfjull comprises a high logic level, HF* of FIFO 1320 30 
comprises a low logic level. AND gate 1456 outputs 
TxFull*/rxClav at node 1346. After power up or reset 
TxEnb* will be asserted to a high logic level and PHY_ 
FIFO_Half__Full will be asserted to a high logic level 
causing AND gate 1456 to drive TxFull*/TxClav to a high 35 
logic level. As long as there is no cell data to transmit from 
ATM layer 1302 to PHY layer 1304, TxEnb* remains in a 
high logic state, and TxFull*/TxClav remains in a high logic 
state. 

At step 406, cell data becomes available. At step 408, 40 
ATM layer 1302 asserts TxEnb* at node 1348 to a low logic 
level, asserts TxSOC at node 1342 to a high logic level 
together with the first byte of cell data, and places parallel 
cell data on TxData at node 1344 which is passed by control 
logic 1310 to serializer 1312 at node 1368. The parallel cell 45 
data is written into serializer 1312 on each clock cycle of 
TxClk at node 1350. When TxEnb* is driven to a low logic 
level, the next rising edge of TxClk will cause the output of 
OR gate 1454 to be driven low thus causing TxFull*/TxClav 
at node 1346 to also be driven to a low logic level. 50 
TxFull*/TxClav will remain low during the transfer of the 
remaining 52 bytes of cell data from ATM layer 1302 to 
PHY layer 1304, Therefore, at the end of the transmission of 
the current ceU, a ceU gap will be forced by the embodiment 
of the control logic iUustrated in FIG. 14. TxSOC at node 55 
1342 is not seriaUzed and transmitted to PHY layer 1304. At 
step 410, serializer 1312 converts the parallel cell data into 
a serial stream of data. At step 412, serializer 1312 transmits 
the serial stream of data from output SO to PHY interface 
1305 via serial link 1330. No transmit control signals are go 
physically sent by serializer 1330 during transmission of the 
serial stream of cell data except for the concept of the 
"embedded TxClk" as previously described. 

At step 414, deserializer 1318 receives the serial stream of 
data from serial link 1330 on input SI, and converts the serial 65 
stream of data back to parallel ceU data. As previously 
described with reference to FIG. 3, a deserializer, such as 
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deserializer 1318, regenerates TxClk on the output pin CKR 
The regenerated clock signal TxClk is provided at node 1428 
to PHY layer 1304, to control logic 1316, and write clock 
input CKW and read dock input CKR of FIFO 1320 as 
PHY_HL_Rx_CKR at node 1390. At step 416, deserial- 
izer 1318, control logic 1316 and FIFO 1320 regenerate start 
of cell signal TxSOC. FIG. 15 illustrates one embodiment of 
the control logic employed by control logic 1316, together 
with deserializer 1318 and FIFO 1320 to regenerate TxSOC. 
FIG. 15 shows a D-type flip-flop 1504 having its D input 
coupled to PHY HL_J[lx_SC_JD at node 1392, its cock 
input coupled to PHY_HL„Rx_CKR at node 1390, and its 
Q output coupled to Rx_FIFO_SOC at node 1396. It will 
be appreciated that D-type flip-flop 1504 corresponds to, and 
functions in accordance with D-type flip-flop 658 described 
in FIG. 6. The regeneration of TxSOC at node 1430 wiU be 
described with reference to FIG. 7 below. 

At step 418, the regenerated parallel cell data is output 
from deserializer 1318 as PHY__HL__Rx_J)ata at node 
1394 and provided to inputs D0-D7 of FIFO 1320. Output 
SC/D* is driven to a low logic level while data is output 
from deserializer 1318 enabling write enable input ENW* of 
FIFO 1320, and PHY_HL„Rx_CKR clocks the parallel 
data into FIFO 1320. The cell data is queued in FIFO 1320 
until PHY layer 1304 is ready to accept it. When PHY layer 
1304 is ready to accept the ceU data, it asserts TxFull*/ 
TxQav to a high logic level. At step 422, TxEnb* is 
regenerated at PHY layer 1304 at node 1426 by control logic 
1316. FIG. 16 illustrates one embodiment of the control 
logic employed by control logic 1316 in order regenerate the 
appropriate state on TxEnb*. 

FIG. 16 shows AND gate 1602 receiving PHY_nFO_ 
Empty at node 1400 and TxFull*/TxClav at node 1424. FIG. 
16 further shows D-type flip-flop 1604 having its D input 
coupled to the output of AND gate 1602, its clock input 
coupled to PHY__HL_Rx_CKR (TxClk) at node 1390, and 
it Q output providing PHY_Tx_Enb_Wait at node 1608. 
FIG. 16 further shows NAND gate having receiving PHY__ 
Master_Reset at node 1388, PHY_Tx_Enb_Wait at node 
1608, and providing TxEnb* at node 1426. When FIFO 
1320 stores no cell data and PHY_Master_Reset is inactive 
(high) PHY_FIFO_Empty will comprise a low logic level 
causing the output of AND gate 1602 and D-type flip-flop 
1604 to comprise a low logic level, and TxEnb* to comprise 
a high logic level. Once ceU data is queued in FIFO 1320, 
PHY_FIFO_Empty wiU be asserted to a high logic level. 
When PHY layer 1304 is ready to read receive cell data from 
ATM layer 1302, it asserts TxFull*/rxClav at node 1424, 
thus causing the output of AND gate 1602 and D-type 
flip-flop 1604 to comprise a high logic level, and TxEnb* to 
comprise a low logic level. Cell data is then provided to 
PHY layer 1304 from FIFO 1320. 

Reading the cell data from FIFO 1320 is accomplished by 
control logic 1316 asserting read enable ENR* to a low logic 
level, as illustrated in one embodiment of control logic 1316 
in FIG. 17, and clocking read dock input CKR of FIFO 1320. 
FIG. 17 shows NAND gate 1702 receiving TxFuU*/TxClav 
at node 1424 and PHY_Master_Reset at node 1388, and 
providing PHY_FIFO_ENR at node 1404. As long as 
PHY„Master„Reset is inactive (high), when TxFull*/ 
TxQav is set to a high logic level, PHY__FIFO_ENR will 
comprise a low logic level enabling ceU data to be read from 
FIFO 1320. 

Deserializer 1318 operates in conjunction with control 
logic 1316 and FIFO 1320 lo regenerate TxSOC and provide 
the regenerated TxSOC to PHY layer 1304 together with the 
first byte of cell data output from FIFO 1320. The regen- 
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eration of TxSOC by PHY interface 1305 will be described 
with reference to FIG. 7. 

At step 702 of FIG. 7, and prior to receiving the serial 
stream of cell data, deserializer 1318 receives the idle 
characters being transmitted from serializer 1312. In 
response to receiving the idle characters at step 704, dese- 
rializer 1318 outputs a high logic level on SC/D* at node 
1392 to indicate that an idle character has been received and 
is being output on outputs Q0-Q7 at node 1394. Given that 
SC/D* is coupled to the write enable ENW* of FIFO 1320, 
FIFO 1320 is disabled so that the idle characters will not be 
written into FIFO 1320. At step 706, ATM layer 1302 
indicates that it has a cell of data to send and asserts TxSOC 
at node 1342 to a high logic level coincident only with the 
first byte of cell data. TxSOC at node 1342 is not transmitted 
to PHY interface 1305. The cell data is seriahzed by 
seriahzer 1312 and sent to deserializer 1318 via serial link 
1330 as described above. At step 708, deserializer 1318 
detects that the idle characters are no longer being trans- 
mitted by serializer 1312. At step 710, deserializer 1318 
causes output SC/D* to transition to a low logic level during 
the same dock cycle that the first byte of cell data is provided 
at outputs Q0-Q7 at node 1394. Therefore, deserializer 1318 
transitions SC/D* from a high logic level to a low logic level 
when it detects its receipt of valid cell data following idle 
characters. 

At step 712, the low logic level on SC/D* is provided to 
the D-input of D-type flip-flop 1504 illustrated in FIG. 15, 
and enables write enable input ENW* of FIFO 1320 at node 
1392. Before the next rising edge of read clock CKR at node 
1390 is provided to the dock input of D-type flip-flop 1504, 
the Q output of D-type flip-flop 1504 will still have a high 
logic level coupled to input D8 of FIFO 1320 at node 1396. 
The 0 output of D-type flip-flop 1504 comprises an inter- 
mediate TxSOC control signal. On the rising edge of the 
CKR at step 714, the intermediate TxSOC comprises a high 
logic level which wiU be written into input D8 of FIFO 1320 
along with the first byte of cell data on inputs D0-D7. After 
the rising clock edge of CKR, the Q output of D-type 
flip-flop 1504 will transition to a low logic level causing the 
Q output of D-type flip-flop 1504 to comprise a low logic 
level. As a result, the remaining 52 bytes of ceU data written 
into FIFO 1320 for the active cell of data will have a 
corresponding D8 bit having a low logic level. Therefore, 
only the first byte of ceU data will have D8 comprising a high 
logic level. At step 716, the first byte of cell data is read from 
FIFO 1320 on outputs QO-Q at node 1432, and the regen- 
erated TxSOC is read from FIFO 1320 on output Q8 at node 
1430. 

Again with reference to FIG. 12, the extender circuit 
transitions from steady state mode to FIFO state update 
when FIFO 1320 asserts a particular flag output to valid 
logic level. The appropriate flag output can be judiciously 
elected based on the transfer rate of the system components 
and the ATM layer and the PHY layer. In the embodiment 
illustrated in HGS. 13a and 13^ the half-full flag HY* 
determines the transition between steady state mode and 
FIFO state update mode. Thus, when FIFO 1320 queues 
enough ceU data to cause the half-full flag HF* to be asserted 
to a low logic level, control logic 1316 transitions the 
extender circuit illustrated in FIGS. 13fl and 13i? from steady 
state mode to FIFO slate update mode 1206. 

At step 1208, control logic 1316 waits for a cell gap in the 
transmission of cell data from PHY layer 1304 to ATM layer 
1302. A ceU gap is generated by control logic 1316 as 
illustrated in FIG, 20. FIG. 20 will be described in detail 
below. When a cell gap is detected at step 1210, control logic 
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1316 provides serializer 1314 with a first control code which 
is sent in place of the idle character across serial link 1328 
to ATM interface 1303. FIG. 18 illustrates one embodiment 
of the logic employed by control logic 1316 in order to 

5 implement step 1210. 

FIG. 18 shows a hysteresis circuit comprising AND gates 
1802 and 1806 and OR gate 1804, The hysteresis circuit 
outputs PHY_nFO_HF„STArE at node 1830 which 
when asserted to a high logic level indicates that the half-full 

10 flag HF* has been asserted by FIFO 1320. PHY_nFO_ 
HF_STArE also maintains a high logic level when PHY_ 
FIFO_HF__STArE comprises a high logic level and so long 
as the PHY_FIFO__PAFE remains at a high logic level 
indicating the hysteresis level for reenabling writes to FIFO 

15 1320 has not yet been reached. The hysteresis circuit per- 
forms a hysteresis function by setting PHY_FIFO_HF_ 
STATE to a high logic level when FIFO 1320 fiUs to the 
half-friU point, and by asserting PHY_FIFO_HF_STArE 
to a low logic level when FIFO 1320 is read down to the 

20 PITV'_FIFO_PAFE state. When OR gate 1804 receives 
PHY_FIFO_HF from FIFO 1320 indicating that the half- 
full flag HF* has been asserted to a low logic level, OR gate 
1804 provides a low logic level to AND gate 1806. With 
PHY_Master__Reset at node 1388 inactive (high), PHY_ 

25 FIFO_HF_STArE wiU comprise a high logic level and be 
fed back to the input of AND gate 1802. The programmable 
flag PAFE* of FIFO 1320 can then be used to determine 
when a suflBcient amount of cell data has been read (past the 
half-fiiU) from FIFO 1320 by PHY layer 1304 in order to 

30 send a second control code to ATM interface 1303 and 
reenable transmission of cell data from ATM layer 1302 to 
PHY layer 1304. When a sufficient amount of cell data has 
been read from FIFO 1320, PHY„FIFO_PAFE at node 
1398 will be asserted to a low logic level causing PHY_ 

35 FIFO_HF_STATE to comprise a low logic level. 

FIG. 18 ftirther generates PHY_FIFO_HF_On_ArM at 
node 1836 which indicates whether FIFO 1320 has its 
half-fuU flag HF* asserted to low logic level (as known by 
ATM interface 1303). The circuitry for generating PHY_ 

40 FIFO_HF_On ^ATM comprises AND gates 1816 and 
1818, OR gate 1820 and D-type flip-flop 1822. AND gate 
1816 receives the inverse of HOTLINK_IDLE at node 1828 
and PHY_FIFO_HF_On_>^TM at node 1836. AND gate 
1818 receives PHY_FIFO_HF_STArE and HOTLINK_ 

45 IDLE. OR gate 1820 receives the outputs of AND gates 
1816 and 1818 and provides an input signal to the D input 
of D-type flip-flop 1822. D-type flip-flop 1822 fiirther 
receives PHY_HL__Rx_CKR (TxClk) at node 1390, and 
outputs PHY_FIFO_HF_On_ATM at node 1836. 

50 H0TLINK_1DLE at node 1828 comprises a high logic level 
when deserializer 1314 is not transmitting valid ceU data to 
ATM interface 1303. D-type flip-flop 1822 will provide a 
high logic level on PITy_FIFO„HF__On^TM (indicating 
HF* is asserted to a low logic level) when PHY_FIFO_ 

55 HF_STArE and HOTLINK_IDLE comprise a high logic 
level, or when PHY_FIFO_HF_On_ArM comprised a 
high logic level and HOTLINK-_IDLE comprises a low 
logic level. 

FIG, 18 ftirther includes XNOR gate 1808, AND gate 
60 1812, AND gate 1810, buffer 1814, and 2-to-l multiplexers 
1824 and 1826. XNOR gate 1808 receives PHY_FIFO_ 
HF_STArE at node 1830 and PHY_FIFO„HF_On_ATM 
at node 1836. AND gate 1812 receives the inverse of the 
output of XNOR gate 1808 and PHY_nFO_HF_STArE 
65 at node 1830, and provides a select signal for 2-to-l mul- 
tiplexer 1824 at node 1838. AND gate 1810 receives the 
output of XNOR gate 1808 and HOTLINK_IDLE at node 
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1828 and provides PHY_HL_Tx_ENA at node 1384. Rx_SC_D at node 1362. D-type flip-flop 1910 has a D 
Buffer 1814 receives HOTLINK_IDLE at node 1828 and input coupled to the output of AND gate 1906, a clock input 
provides PHY_HL_Tx_SC_D at node 1386. 2-to-l mul- coupled to ArM_HL_Rx_CKR at node 1364, and has its 
tiplexer 1824 receives FIFO_NOT_HF_Code at node Q output coupled to one input of OR gate 1914. OR gate 
1832 and, FlFO_HF_Code at node 1834, and selectively 5 1914 also receives the inverse of ArM_Master_Reset at 
provides one of these groups of signals to 2-to-l multiplexer node 1374 and couples its output to the reset input R of RS 
1826. FIFO„HF_Code and FIFO_NOT_HF_Code are flip-flop 1918. The output of RS flip-flop 1918 provides 
predefined constants stored in control logic 1316 and also in PHY_FIFO_Half_Full at node 1458 which indicates 
control logic 1310. 2-to-l multiplexer 1826 also receives whether the half-full flag HF* has been asserted to a low 
RxData at node 1408 and selectively outputs PHY_HL_ jq logic level on FIFO 1320. FIG. 19 also shows comparator 
Tx_Data in response to a select signal at node 1840 pro- 1904 which receives FIFO_HF„Code at node 1922 on 
vided by HOTLINK_IDLE. When in the steady state mode, input Q, and ArM_HL_Rx_Data from deseriahzer 1308 at 
PHY_FIFO_HF_STArE and PHY„FIFO„HF„On_ node 1358 on input R The output of comparator 1904 is 
ATM each comprise low logic levels indicating that half-fuU coupled to one input of AND gate 1908. AND gate 1908 also 
flag HF* is asserted low on FIFO 1320 and deserializer 1314 ^5 receives ArM_HL_Rx_SC_D at node 1362. D-type flip- 
is transmitting valid cell data to ATM interface 1303. When flop 1912 has a D input coupled to the output of AND gate 
HOTLINieJDLE is low, XNOR gate 1808 and AND gate 1908, a dock input coupled to ATM_HL_Rx_CKR at node 
1810 will generate a low logic level on PHY_HL_Tx_ 1364, and has its Q output coupled to one input of AND gate 
ENA enabling serializer 1314 and buffer 1814 will provide 1916. AND gate 1916 also receives the inverse of the output 
a low logic level on PHY_HL_Tx_SC„D indicating to 20 of OR gate 1914 and couples its output to the set input S of 
serializer 1314 that valid ceU is being written into serializer RS flip-flop 1918. 

1314, and 2-to-l multiplexer 1826 will provide RxData to ^ When deserializer 1308 provides FIFO_HF_Code as 

PHY_HL_Tx_„Data at node 1382. ArM_HL_Rx_Data at node 1358, comparator 1904 out- 

Again with reference to step 1210 described in FIG. 12. puts a high logic level to AND gate 1908, which causes 
When PHY__FIFO_HF is asserted to a low logic level 25 D-type flip-flop to clock the high logic level to one input of 
PHY_FIFO_HF_STArE transitions to a high logic level. AND gate 1916 on the next rising edge of ATM_ilL_Rx_ 
As a result, XNOR gate 1808 will output a low logic level CKR. Given that comparator 1902 will output a low logic 
and AND gale 1810 will provide a low logic level to level under these circumstances, OR gate 1914 will provide 
PHY_HL_Tx__ENA enabling the D0-D7 inputs of serial- a high logic level to the other input of AND gate 1916. AND 
izer 1314. Additionally, buffer 1814 will provide PHY_ 30 gate 1916 will thus provide a high logic level to the set input 
HL_Tx_SC„D with a high logic level (when HOTLINK_ of RS flip-flop 1918 causing PHY_nFO_Half„Full to 
IDLE is high) indicating to serializer 1314 that the data comprise a high logic level. This signal is then utilized by 
provided to deserializer 1314 is special character data and control logic 1310 as illustrated in FIG. 14, to provide 
not cell data. HOTLINK_IDLE further provides a select TxFull*/rxaav with a low logic level at node 1346. Thus, 
signal comprising a high logic level at node 1840 to 2-to-l 35 the transmission of cell data from ATM layer 1302 to PHY 
multiplexer 1826 causing 2-to-l multiplexer 1826 to provide layer 1304 will be disabled at the end of the current cell, 
the output from 2-to-l multiplexer 1824 to PHY_HL_Tx_ Transmission of cell data from ATM layer 1302 to PHY 
Data at node 1382. AdditionaUy, AND gate 1812 will layer 1304 will remain disabled so long as the half-full flag 
provide a select signal having a high logic level at node 1838 HF* is asserted to a low logic level by FIFO 1320. 
to 2-to-l multiplexer 1824 causing FIFO__HF__Code at 40 When PHY layer 1304 has read a sufficient amount of data 
node 1832 to be provided to PHY_HL__Tx_Data at node from FIFO 1320, the appropriate memory flag of FIFO 1320 
1382. FIFO_HF_Code comprises 8-bits of information, is deasserted. The appropriate memory flag could comprise 
such as, HOTLink™ K28.0. It will be appreciated that the half-fuU flag HF* of FIFO 1320 asserted to a high logic 
FIFO_HF_Code may comprise any unique data informa- level indicating FIFO 1320 is less that half full wifli cell 
tion of any width predetermined to signify that the half-full 45 data. The embodiment illustrated in FIG. 18 utihzes the 
flag HF* has been asserted by FIFO 1320. FIFO_HF_Code hysteresis function previously described, and uses the pro- 
is sent to seriahzer 1314, converted to serial data and grammable flag PAFE* to indicate when control logic 1316 
transmitted to deserializer 1308 via serial link 1328. . will recognize that the appropriate flag has been deasserted. 

At step 1212, deserializer 1308 receives and decodes For example, programmable flag PAFE* may be pro- 
serialized FIFO_HF„Code. Deserializer 1308 asserts out- 50 grammed to comprise a low logic level when FIFO 1320 
put SC/D* to a high logic level indicating that the data contains only one cell of data information (53 bytes), 
provided as ATM_HL_Rx_Data comprises the special Control logic 1316 wiU then wait for a gap in the transmis- 
character FIFO_HF_Code and not valid cell data. sion of data from PHY layer 1304 to ATM layer 1302 at step 
AdditionaUy, SC/D* comprising a high logic level will 1216. This is indicated by the state of the signal 
disable the write function of FIFO 1306 thus avoiding ss HOTLINK__IDLE which will be described in detail with 
writing FlFO_HF_Code into FIFO 1306 and corrupting the reference to FIG. 20. 

cell data. At step 1214, the transmission of cell data from At step 1218, control logic 1316 transmits a second 

ATM layer 1302 to PHY layer 1304 is disabled by control control code to serializer 1314 indicating that a suflBcient 

logic 1310 is response to receiving FlFO_HF__Code from amount of cell data has been read from FIFO 1320. Serial- 

PHY interface 1305. FIG. 19 illustrates one embodiment of 60 izer 1314, serializes the second control code and serially 

control logic 1310 which disables the transmission of ceU transmits it to deserializer 1308 via serial link 1328. One 

data from ATM layer 1302 to PHY layer 1304. embodiment of the control logic for providing the second 

FIG. 19 shows comparator 1902 which receives FIFO_ control code to serializer 1314 is illustrated in FIG. 18. 

NOT_HF_Code at node 1920 on input P, and ATM_HL_ When a suflBcient amount of cell data has been read from 

Rx JData from deseriahzer 1308 at node 1358 on input Q. 65 FIFO 1320, PHY_FIFO_ilF comprises a high logic level, 

ITie output of comparator 1902 is coupled to one input of PHY _FIFO _PAFE comprise a low logic level, and PHY_ 

AND gate 1906. AND gate 1906 also receives ATM_HL_ FIFO__HF_STATE comprises low logic level. When a cell 
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gap has been detected by control logic 1316, HOTLINK_ trates a state diagram of one embodiment for generating the 
IDLE is set to a high logic level, thus causing XNOR gate appropriate logical state on RxEnb* at node 1410, as well as, 
1808 and AND gate 1810 will provide a low logic level to generating a cell gap between cells of data. 
PHY_HL„Tx_ENA at node 1384. HOTLINK_IDLE will FIG. 20 shows a state diagram 2000 comprising four 
provide PHY_HL_Tx_SC_D with a high logic level via 5 states, namely: WAIT_HERE 2002, START_DELAY 
buffer 1814 and will cause the select signal at node 1840 to 2004, CELL_GAP 2006 and COUNT 2008. State diagram 
enable 2-to-l multiplexer 1826 to provide the output of 2000 generates RxEnb* at node 1410 and HOTUNIC 
2-to-l multiplexer 1824 to PHY_HL__Tx„Data at node IDLE. As previously described, HOTLINK_IDLE com- 
1382. Additionally, AND gate 1812 will provide a select prises a high logic level when serializer 1314 is not trans- 
signal having a low logic level at node 1838 to 2-to-l mitting valid cell data, and a low logic level when serializer 
multiplexer 1824 causing FlFO_NOT_HF_Code at node 1314 is transmitting vahd cell data. Additionally, control 
1832 to be provided to PHY_HL_Tx_Data at node 1382. logic 1316 maintains an internal coimter which is used to 
FIFO_NOT__HF_Code comprises 8-bits of information, establish the length of the packet of cell data sent from PHY 
such as HOTLink™ K28.2. It will be appreciated that layer 1304, and to assure that there are a sufficient nuimber 
FIFO_NOT_HF_Code may comprise any unique data is of clock cycles in between cells to generate the cell gap. 
information of any width predetermined to signify that a The operation of state diagram 2000 is as follows. When 
sufiGcient amount of data has been read from FIFO 1320. cell data is not being transmitted, nor is available to transmit 
FIFO_NOT_HF_Code is sent to serializer 1314, con- (RxEmpty*/RxClav at node 1420 comprising a low logic 
verted to serial data and transmitted to deseriahzer 1308 via level), from PHY layer 1304 to ATM layer 1302, control 
serial link 1328. 20 logic 1316 is in WAIT_HERE state 2002. In WAIT„HERE 

At step 1220, deserializer 1308 receives and decodes state 2002, control logic 1316 provides a high logic level to 

serialized FIFO_NOT_HF_Code. Deserializer 1308 RxEnb* at node 1410 and sets HOTUNK_IDLE to a high 

asserts output SC/D* to a high logic level indicating that the logic level. The internal counter is also initialized or set to 

data provided as ATM_HL_Rx_Data comprises the spe- zero in WAIT_HERE state 2002. Condition 2010 indicates 

cial character FIFO_NOT_HF_Code and not valid cell 25 ^^^^ so long as RxEmpty*/RxQav at node 1420 remains at 

data. Additionally, SC/D* comprising a high logic level will a low logic level, ATM__Master_Reset at node 1388 com- 

disable the write function of FIFO 1306 thus avoiding prises a low logic level (active), or ATM_FIFO_Half_Full 

writing FIFO_NOT__HF_Code into FIFO 1306 and cor- comprises a high logic level, then control logic 1316 will 

rupting the cell data. At step 1222, the transmission of cell remain in WAIT„HERE state 2002. ATM_FIFO_Half_ 

data from ATM layer 1302 to PHY layer 1304 is enabled by 30 Full indicates if FIFO 1306 has asserted its half-fuU flag HF* 

control logic 1310 is response to receiving FIFO_J»fOT„ at node 1352. Therefore, if RFO 1306 has asserted HF* at 

HF_Code from PHY interface 1305 as illustrated in one node 1352 indicating that PHY layer 1304 should not send 

embodiment of control logic 1310 in FIG. 19. When dese- cell data to ATM layer 1302, control logic 1316 will remain 

rializer 1308 provides FIFO_NOT_„HF_Code as ArM_ in WAIT_HERE state 2002 even if a. cell of data becomes 

HL_Rx_Data at node 1358, comparator 1902 outputs a 35 available at PHY layer 1304. ArM_nFO_Half_Full will 

high logic level to AND gate 1906, which causes D-type be described in greater detail with reference to FIG. 26. The 

flip-flop 1910 to dock the high logic level to one input of OR description of conditions 2012 through 2036 will assume 

gate 1914 on the next rising edge of ATM„HL_Rx_CKR. that ATMJIFOJalLJ'ull comprises a low logic level 

Given that ArM_Master_Reset will be inactive at this time (FIFO 1306 not half full) and that ATM^^^^„^Reset 

(high), OR gate 1914 will provide a high logic level to the 40 comprises a high logic level (inactive), 

reset input of RS flip-flop 1918 causing PHY_FIFO_Half_ As indicated by condition 2014, when RxEmpty */RxClav 

Full to comprise a low logic level. This signal is then utilized at node 1420 indicates that a cell of data is available to be 

by control logic 1310 as illustrated in FIG. 14, to provide sent to ATM layer 1302, state machine 2000 will transition 

TxFull*yTxClav with a high logic level at node 1346. Thus, to START_DELAY state 2004 so long as at least one clock 

the transmission of cell data from ATM layer 1302 to PHY 45 cycle has occurred since RxEnb* has been asserted. This is 

layer 1304 will be enabled. due to the UTOPIA specification which requires that after 

The operation of FIGS. 13a and 136 will now be RxEnb* has been received by PHY layer 1304, RxData and 

described for transmitting a cell of data in CLH mode from RxSOC may be asserted on the next clock cycle. In 

PHY layer 1304 to ATM layer 1302 in reference to FIG. 12 START__DELAY state 2004, control logic 1316 sets 

and FIG. 5. At step 1202 of FIG. 12, the extender circuit 50 RxEnb* to a low logic level at node 1410 and sets 

comprising ATM interface 1302, PHY interface 1304 and HOTLINK_IDLE to a high logic level. Condition 2026 

serial links 1328 and 1330 receives power or a reset function indicates that control logic 1316 wiU remain in START_ 

applied from ArM_Master_Reset at node 1374 and/or DELAY state 2004 until one dock cycle has occurred since 

PHY_Master_Reset at node 1388. Both ATM_Master_ RxEnb* has been driven to a low logic level. If ATM__ 

Reset and PHY_Master„Reset are active low signals. At ss Master_Reset becomes active while control logic 1316 is in 

step 1204, the extender circuit enters the steady state mode START__DELAY state 2004, control logic 1316 wiU iran- 

of operation, and will stay there so long as a memory flag is sition back to WAIT„HERE state 2002 as indicated by 

not asserted to a vahd state by FIFO 1306. The steady state condition 2016. 

mode of operation will now be described with reference to When one clock cycle has occurred since RxEnb* has 

FIG. 5 with step 502 already completed. At step 504, parallel 60 been asserted to a low logic level, control logic 1316 

cell data (RxData) becomes available at PHY layer 1304 to transitions to COUNT state 2008 as indicated by condition 

be sent to ATM layer 1302. At step 506, PHY layer 1304 2008. In COUNT state 2008, RxEnb* at node 1410 remains 

asserts RxEmpty*^xClav to a high logic level which is at a low logic level and HOTLINK_IDLE is set to a low 

provided to control logic 1316 at node 1420. At step 508, logic level. Cell data is now transferred from PHY layer 

control logic 1316 asserts RxEnb* at node 1410 to a low 65 1304 to serializer 1314. The internal counter will count the 

logic level indicating that PHY layer 1304 may provide number of bytes sent in the ceU packet. As indicated by 

RxData at node 1408 to control logic 1316. FIG. 20 illus- condition 2036, control logic 1316 will remain in COUNT 
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State 2008 so long as the internal counter has not reached the 
predetermined packet size of the cell data (i.e. 53 bytes). If 
ArM_31aster_Reset becomes active while control logic 
1316 is in COUNT stale 2008, control logic 1316 will 
transition back to WAIT_HERE state 2002 as indicated by 
condition 2022. 

When the internal counter counts up to the packet size of 
the cell packet, control logic 1316 will transition to CELL_ 
GAP state 2006 as indicated by condition 2032. CELL_ 
GAP state 2032 forces a cell gap in between cells of data. 
The cell gap is utilized, as previously described to regenerate 
RxSOC at ATM layer and to pass control codes from PHY 
layer 1304 to ATM layer 1302. CELL_GAP state 2006 sets 
RxEnb* at node 1410 to a high logic level and HOTLINK_ 
IDLE to a high logic level, thus not allowing transmission of 
cell data to ATM layer 1302. CELL_GAP state 2006 forces 
a cell gap for a predetermined number of clock cycles. 
Control logic 1316 forces a cell gap of only two clock 
cycles, however, the cell gap may comprise any number of 
clock cycles. Control logic 1316 will remain in CELL_GAP 
state 2006 for the duration of the cell gap as indicated by 
condition 2034. Once the appropriate cell gap has been 
generated, control logic 1316 will transition to START_ 
DELAY state 2004 at condition 2024 if RxEmpty*/RxClav 
at node 1420 remains in a high logic state indicating that 
PHY layer has another cell of data to transmit to ATM layer 
1302. If, however, PHY layer 1304 does not have another 
cell of data to transmit to ATM layer 1302 (indicated by 
RxEmpty*/RxClav at node 1420 comprising a low logic 
level) then control logic 1316 will transition WAIT_HERE 
state 2002 as indicated by condition 2020. 

With reference again to FIG. 5, after RxEnb* has been 
driven to a low logic level at node 1410 by control logic 
1316, at step 510 PHY layer 1304 provides to control logic 
1316 parallel cell data (RxData) at node 1408 and RxSOC 
at node 1422. RxSOC comprises a high logic level together 
with the first byte of cell data only. RxSOC is not processed 
by PHY interface 1305. The parallel cell data on RxData at 
node 1408 is passed by control logic 1316 to serializer 1314 
at node 1382 as PHY_HL_Tx_Data. Control logic 1316 
also provides serializer 1314 with the appropriate states on 
PHY_HL_Tx„ENAand PHY_HL_Tx_SC_D as previ- 
ously described with reference to FIG. 18. That is, with 
PHY_FIFO„HF_STATE comprising a low logic level, 
HOTLINK_IDLE comprising a low logic level and PHY_ 
FIFO_HF_On_ATM comprising a low logic level, PHY_ 
HL_Tx__ENA comprises a low logic level, PHY_HL_ 
Tx_SC_D comprises a low logic level and RxData at node 
1408 is provided to PHY_HL__Tx„Data at node 1382. At 
step 512, serializer 1314 converts the parallel cell data into 
a serial stream of data. At step 514, serializer 1314 transmits 
the serial stream of data to deserializer 1308 via serial link 
1328. The control signals RxSOC, RxEnb*, and RxEmpty*/ 
RxClav are not seriahzed and transmitted between PHY 
interface 1305 and ATM interface 1303. 

At step 516, deserializer 1308 converts the serial stream 
of data back into a parallel format. At step 518, the receive 
start of cell signal is regenerated by deserializer 1308, FIFO 
1306 and control logic 1310. FIG. 21 illustrates one embodi- 
ment of the control logic employed by control logic 1310, 
together with deserializer 1308 and FIFO 1306 to regenerate 
RxSOC at ATM layer 1304. FIG. 21 shows a D-type flip-flop 
2104 having its D input coupled to ArM_HL_Rx_SC_D 
at node 1362, its cock input coupled to ATM_HL_Rx_ 
CKR at node 1364, and its Q output coupled to Tx_FIFO_ 
SOC at node 1360. It will be appreciated that D-type 
flip-flop 2104 corresponds to and functions in accordance 
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with D-type flip-flop 924 described in FIG. 9. The regen- 
eration of RxSOC at node 1342 wiU be described with 
reference to FIG. 10 below. 
At step 520, the regenerated parallel ceU data is output 

5 from deserializer 1308 as ATM_HL_Rx_Data at node 
1358 and provided to inputs D0-D7 of FIFO 1306. Output 
ATM_HL_Rx_CKR at node 1364 is coupled to the write 
clock input CKW of FIFO 1306 and clocks the parallel data 
into FIFO 1306. Output SC/D* of deserializer 1308 drives 

^0 a low logic level onto node 1362 enabling write enable input 
ENW* of FIFO 1306. Alternatively, output SC/D* may 
couple a low logic level to write enable input ENW* as 
illustrated in FIG. 22. FIG. 22 shows NAND gate 2202 
receiving ArM_Master_Reset at node 1374, and receiving 

15 the inverse of ArM_HL_Rx_SC_D at node 2204. The 
output of NAND gate 2202 is provided to the write enable 
input ENW* of HFO 1306. Write enable input ENW* will 
be driven low when ATM_Master_Reset is inactive (high) 
and ArM_HL_Rx_SC_D comprises a low logic level. At 

20 step 520 the parallel data is queued into FIFO 1306 until 
ATM layer 1302 is ready to accept it. 

At step 522, control logic 1310 regenerates RxEmpty*/ 
RxClav at node 1338. As previously described, PHY layer 
1304 asserts RxEmpty */RxClav at node 1420 when it has a 
cell of data to transmit to ATM layer 1302. Control logic 
1310 regenerates the high logic level on RxEmpty */RxClav 
at node 1338 with the aide of FIFO 1306. FIG. 23 illustrates 
one embodiment of control logic 1310 which regenerates 
RxEmpty*/RxClav at node 1338. FIG. 23 shows AND gate 
2302 receiving ATM_„Master__Reset at node 1374 and 
ATM_FIFO_Empty at node 1354. The output of AND gate 
2302 is provided at node 1338 as RxEmpty*/RxClav. 
RxEmpty*/RxClav will be driven to a high logic level when 
ArM_Master„Reset is inactive (high) and ArM_FIFO_ 
Empty comprises a high logic level indicating that FIFO 
1306 has cell data to be read by ATM layer 1302. It wiU be 
appreciated that an alternative embodiment of FIG. 23 
comprises ArM_FIFO_Empty at node 1354 coupled 
directly to RxEmpty */RxClav at node 1338. 

When ATM layer 1302 is ready to read the parallel cell 
data stored in FIFO 1306, ATM layer 1302 asserts RxEnb* 
at node 1340 to a low logic level. Control logic 1310 
receives RxEnb* at node 1340 and generates ArM_FlFO_ 
ENR at node 1366 which comprises the read enable input for 
FIFO 1306. FIG. 24 iUustrates one embodiment of control 
logic 1310 which generates ArM„FIFO_ENR at node 
1366. FIG. 24 shows NAND gate 2402 receiving ATM_ 
Master__Reset at node 1374 and RxEnb* at node 1340. The 
output of NAND gate 2402 is provided as ATM_FIFO_ 
ENR at node 1366. ATM__FIFO_JENR at node 1366 wHl 
comprise a low logic level enabling ceU data to be read from 
FIFO 1306 when ATM__Master_Jleset is inactive and 
RxEnb* comprises a low logic level. At step 524, cell data 
and regenerated RxSOC may then be output from FIFO 
1306 at nodes 1332 and 1334, respectively. One byte of cell 
data is read from FIFO 1306 on each dock pulse of RxClk 
at node 1336 coupled to read dock input CKR of FIFO 1306. 
Deserializer 1308 operates in conjunction with control 

60 logic 1310 and FIFO 1306 to regenerate RxSOC and provide 
the regenerated RxSOC to ATM layer 1302 together with the 
first byte of cell data output from FIFO 1306. The regen- 
eration of RxSOC by ATM interface 1303 wiU be described 
with reference to FIG. 10. 

65 At step 1002 of FIG. 10, and prior to receiving the serial 
stream of ceU data, deserializer 1308 receives the idle 
characters being transmitted from serializer 1314. In 
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response to receiving the idle characters at step 1004, 
deserializer 1308 outputs a high logic level on SC/D* at 
node 1362 to indicate that an idle character has been 
received and is being output on outputs QO-07 at node 
1358. Given that SC/D* is coupled to the write enable 
ENW* of HFO 1306, HFO 1306 is disabled so that the idle 
characters will not be written into FIFO 1306. At step 1006, 
PHY layer 1304 indicates that it has a cell of data to send and 
asserts RxSOC to a high logic level coincident only with the 
first byte of cell data. RxSOC is not processed by PHY 
interface 1305. The cell data is serialized by serializer 1314 
and sent to deserializer 1308 via serial link 1328 as 
described above. At step 1008, deserializer 1308 detects that 
the idle characters are no longer being transmitted by 
serializer 1314. At step 1010, deseriahzer 1308 causes 
output SC/D* to transition to a low logic level during the 
same clock cycle that the first byte of cell data is provided 
at outputs Q0-Q7 at node 1358. Therefore, deserializer 1308 
transitions SC/D* firom high logic level to a low logic level 
when it detects its receipt of valid cell data following idle 
characters. 

At step 1012, the low logic level on SC/D* is provided to 
the D-input of D-type flip-flop 2104 illustrated in FIG, 21, 
and enables write enable input ENW* of FIFO 1306 at node 
1362. Before the next rising edge of read clock CKR at node 
1364 is provided to the clock input of D-type flip-flop 2104, 
the Q output of D-type flip-flop 2104 outputs a high logic 
level to input D8 of FIFO 1306 at node 2106 (also node 
1360). The Q output of D-type flip-flop 2104 comprises an 
intermediate RxSOC control signal. On the rising edge of 
the CKR at step 1014, the intermediate RxSOC comprises a 
high logic level which will be written into input D8 of FIFO 
1306 along with the first byte of cell data on inputs D0-D7. 
After the rising dock edge of CKR, the Q output of D-type 
flip-flop 2104 will transition to a low logic level causing 
intermediate RxSOC to comprise a low logic level. As a 
result, the remaining 52 bytes of cell data written into FIFO 
1306 for the active cell of data will have a corresponding D8 
bit having a low logic level. Therefore, only the first byte of 
cell data wiU have D8 comprising a high logic level. At step 
1016, the first byte of cell data is read from FIFO 1306 on 
outputs Q0-Q7 at node 1332, and the regenerated RxSOC is 
read from FIFO 1306 on output Q8 at node 1334. 

Again with reference to FIG. 12, the extender circuit 
transitions from steady state mode to FIFO state update 
mode when FIFO 1306 asserts a particular flag output to a 
valid logic level. The appropriate flag output can be judi- 
ciously elected based on the transfer rate of the system 
components and the ATM layer and the PHY layer. In the 
embodiment iUustrated in FIGS. 13fl and 13b, the half-full 
flag HF* determines the transition between steady state 
mode and FIFO slate update mode. Thus, when FIFO 1306 
queues enough cell data to cause the half-full flag HF* to be 
asserted to a low logic level, control logic 1310 transitions 
the extender circuit iUustrated in FIGS. 13a and 136 from 
steady state mode to FIFO state update mode 1206. 

At step 1208, control logic 1310 waits for a cell gap in the 
transmission of ceU data from AFM layer 1302 to PHY layer 
1304. A cell gap is generated by control logic 1310 as 
illustrated in FIG. 14. When a cell gap is detected at step 
1210, control logic 1310 provides serializer 1312 with a first 
control code which is sent in place of the idle character 
across serial link 1330 to PHY interface 1305. FIG. 25 
illustrates one embodiment of the logic employed by control 
logic 1310 in order to implement step 1210. 

FIG. 25 shows AND gate 2502, OR gate 2504, AND gate 
2506, AND gate 2516, AND gate 2518, OR gate 2520, 
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D-type flip-flop 2522, XNOR gate 2508, AND gate 2510, 
AND gate 2512, buffer 2514, and 2-to-l multiplexers 2524 
and 2526. These components are coupled in a analogous 
manner and operate in a analogous fashion as the like 
components describe in FIG. 18. Additionally, FIG. 25 
further generates ATM_FIFO_HF_STArE at node 2530 
and ATM_FIFO_HF__On_PHY at node 2536 which are 
analogous to PHY_FIFO_HF__STArE and PHY_nFO_ 
HF„On„ATM illustrated in FIG. 18. It will be appreciated 
that the control logic embodiment of FIG. 25 further pro- 
vides ATM_HL_Tx__ENA, ArM_HL_Tx_SC_D and 
ATM_HL__Tx_Data to serializer 1312 in an analogous 
fashion that PHY_HL„Tx_ENA, PHY_HL_Tx_SC_D 
and PHY_HL_Tx_Data were provided to serializer 1314 
by the control logic of FIG. 18. The control logic of FIG. 25 
does not include the HOTLINK_IDLE a signal as in FIG. 
18, rather, TxEnb* at node 1348 may be utilized in an 
analogous manner. 

The control logic iUustrated in FIG. 25 generates a control 
code on ATM_HL_Tx__Data node 1368 as follows. When 
ATM__FIFO_HF is asserted to a low logic level ATM_ 
FIFO_HF_STATE transitions to a high logic level and 
TxEnb* comprises a high logic level. NOR gate 2508 and 
AND gate 2510 will provide a high logic level to ATM_ 
HL_Tx_ENA enabling the D0-D7 inputs of serializer 
1312, and buffer 1814 provides ATM_HL_Tx_SC_D 
with a high logic level indicating to serializer 1312 that the 
data provided to serializer 1312 is special character data and 
not cell data. On the next rising edge of TxClk, ATM_ 
FIFO_HF„On_PHY comprises ATM__FIFO_HF_ 
STATE. TxEnb* further provides a select signal comprising 
a high logic level at node 2540 to 2-to-l multiplexer 2526 
causing 2-to-l multiplexer 2526 to provide the output from 
2-to-l multiplexer 2524 to ArM_HL„Tx_Data at node 
1368. AdditionaUy, AND gate 2512 wiU provide a select 
signal having a high logic level at node 2538 to 2-to-l 
muUiplexer 2524 causing FIFO_HF_Code at node 2534 to 
be provided to ArM_HL_Tx_Data at node 1368. FIFO__ 
HF_Code comprises 8-bits of information, such as, HOT- 
Link™ K28,0. It wiU be appreciated that FIFO_HF„Code 
may comprise any unique data information of any width 
40 predetermined to signify that the half-fiiU flag HF* has been 
asserted by FIFO 1320. HFO„HF_Code is sent to serial- 
izer 1312, converted to serial data and transmitted to dese- 
rializer 1318 via serial link 1330. 

At step 1212, deseriaUzer 1318 receives and decodes 
serialized FIFO_HF_Code. Deserializer 1318 asserts out- 
put SC/D* to a high logic level indicating that the data 
provided as PHY_HL_Rx_Data comprises the special 
character FIFO„HF_Code and not valid cell data. 
AdditionaUy, SC/D* comprising a high logic level will 
disable the write function of FIFO 1320 thus avoiding 
writing FIFO_HF_Code into HFO 1320 and corrupting the 
cell data. At step 1214, the transmission of ceU data from 
PHY layer 1304 to ATM layer 1302 is disabled by control 
logic 1316 is response to receiving FIFO_HF_Code from 
ATM interface 1303. FIG. 26 Ulustrates one embodiment of 
control logic 1316 which disables the transmission of cell 
data from PHY layer 1304 to ATM layer 1302. FIG. 26 
shows comparator 2602, comparator 2604, AND gate 2606, 
AND gate 2608, D-type flip-flop 2610, D-type flip-flop 
2612, OR gate 2614, AND gate 2616 and RS flip-flop 2618. 
These components are coupled in an analogous manner and 
operate in a analogous fashion as like components described 
in FIG. 19. AdditionaUy, FIG. 26 further generates ATM_ 
FIFO_HalfJull at node 2618 which is analogous to 
PHY_FIFO_Half_FuU iUustrated in FIG. 19, and which 
indicates whether the half-full flag HF* has been asserted by 
FIFO 1320. 
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When deserializer 1318 provides FIFO_HF_Cbde as 
PHY__HL__Rx„Data at node 2622, comparator 2604 out- 
puts a high logic level to AND gate 2608, which causes 
D-type flip-flop 2612 to clock the high logic level to one 
input of AND gate 2616 on the next rising edge of PHY_ 
HL_Rx_CKR. Given that comparator 2602 will output a 
low logic level imder these circumstances, OR gate 2614 
will provide a high logic level to the other input of AND gate 
2616. AND gate 2616 wiU thus provides a high logic level 
to the S input of RS flip-flop 2618 causing ArM_FlFO_ 
Half_Full to comprise a high logic level. This signal is then 
utilized by control logic 1316, as illustrated in FIG. 20, to 
provide RxEnb* with a high logic level at node 1410. Thus, 
the transmission of cell data from PHY layer 1304 to ATM 
layer 1302 will be disabled. Transmission of ceU data from 
PHY layer 1304 to ATM layer 1302 wiU remain disabled so 
long as the half-full flag HF* is asserted to a low logic level 
by HFO 1306. 

When ATM layer 1302 has read a sufficient amount of 
data from FIFO 1306, the appropriate memory flag of FIFO 
1306 is deasserted. The appropriate memory flag could 
comprise the half-full flag HF* of FIFO 1306 asserted to a 
high logic level indicating FIFO 1306 is less than half full 
with cell data. The embodiment iUustrated in FIG. 25 utilizes 
the hysteresis function previously described, and uses the 
programmable flag PAFE* to indicate when control logic 
1310 will recognize that the appropriate flag has been 
deasserted. For example, programmable flag PAFE* may be 
programmed to comprise a low logic level when FIFO 1306 
contains only one cell of data information (53 bytes). 
Control logic 1310 will then wait for a gap in the transmis- 
sion of data from ATM layer 1302 to PHY layer 1304 at step 
1216. 

At step 1218, control logic 1310 transmits a second 
control code to serializer 1312 indicating that a sufficient 
amount of cell data has been read from FIFO 1306. Serial- 
izer 1312, serializes the second control code and serially 
transmits it to deserializer 1318 via serial link 1330. One 
embodiment of the control logic for providing the second 
control code to serializer 1312 is illustrated in FIG. 25. 
When a suflScient amount of cell data has been read from 
FIFO 1306, ArM_FIFO_HF comprises a high logic level, 
ArM__FIFO_PAFE comprise a low logic level, and ArM_ 
FIFO_HF_STArE comprises low logic level. When a 
complete cell has finished transmitting, TxEnb* is set to a 
high logic level. XNOR gate 2508 and AND gate 2510 will 
provide a low logic level to ATM_HL__Tx_ENA at node 
1370. TxEnb* wiU provide ArM__HL_Tx_SC_D with a 
high logic level via buffer 2514 and will cause the select 
signal at node 2540 to enable 2-to-l multiplexer 2526 to 
provide the output of 2-to-l muhiplexer 2524 to ArM_ 
HL_Tx_Data at node 1368. Additionally, AND gate 2512 
will provide a select signal having a low logic level at node 
2538 to 2-to-l multiplexer 2524 causing FIFO_NOT_HF_ 
Code at node 2532 to be provided to ATM__HL„Tx„Data 
at node 1368. FIFO_NOT_HF_Code comprises 8-bits of 
information, such as, HOTLink''" K28.2. It will be appre- 
ciated that FIFO„NOT_HF_Code may comprise any 
unique data information of any width predetermined to 
signify that a sufficient amount of data has been read from 
FIFO 1306. FIFO_NOT_HF__Code is sent to seriahzer 
1312, converted to serial data and transmitted to deserializer 
1318 via serial link 1330. 

At step 1220, deserializer 1318 receives and decodes 
serialized FIFO_NOT_HF_Code. Deserializer 1318 
asserts output SC/D* to a high logic level indicating that the 
data provided as PHY_HL Rx_Data comprises the spe- 



cial character FIFO_NOT_HF_Code and not valid cell 
data. Additionally, SC/D* comprising a high logic level wfll 
disable the write function of FIFO 1320 thus avoiding 
writing FIFO_NOT_HF„Code into FIFO 1320 and cor- 

5 rupting the cell data. At step 1222, the transmission of cell 
data from PHY layer 1304 to ATM layer 1302 is enabled by 

control logic 1316 is response to receiving FIFO NOT__ 

HF_Code from ATM interface 1303 as illustrated in one 
embodiment of control logic 1316 in FIG. 26. When dese- 

10 rializer 1318 provides FlFO_NOT_HF_Code as PHY_ 
HL„Rx__Data at node 1394, comparator 2602 outputs a 
high logic level to AND gate 2606, which causes D-type 
flip-flop 2610 to clock the high logic level to one input of OR 
gate 2614 on the next rising edge of PHY_HL_Rx_CKR. 

15 Given that PHY_Master_Reset wiU be inactive at this time 
(high), OR gate 2614 wiU provide a high logic level to the 
reset input of RS flip-flop 2618 causing ATM_FIFO_ 
Half_Full to comprise a low logic level. This signal is then 
utflized by control logic 1316 as illustrated in FIG. 20, to 

20 allow RxEnb* to transition to a low logic level if data is 
available at node 1410. Thus, the transmission of cell data 
from PHY layer 1304 to ATM layer 1302 wfll be enabled. 

The previous embodiments of the present invention 
described in FIGS. 2-26 may also incorporate the UTOPIA 

25 optional signals TxPrty, TxRef*, RxPrty and RxRef*. 
TxRef* and RxRef* are reference signals provided to the 
PHY layer and ATM layer respectively, and are utilized for 
synchronization purposes. They may be incorporated into 
the present invention by providing any means for providing 

30 synchronization, including providing 8 kHz osdUators in the 
extender circuits described above. Additionally, the optional 
parity signals TxPrty and RxPrty may be incorporated into 
the embodiment of the present invention described above. A 
simplified embodiment of providing TxPrty from an ATM 

35 layer and regenerating the TxPrty signal at the PHY layer in 
accordance with the present invention is illustrated in FIG. 
27. RxPrty may also be implemented in an analogous 
embodiment. 

FIG. 27 shows an extender circuit comprising ATM 

40 interface 2703, PHY interface 2705 and serial link 2720. The 
extender circuit provides a serial communication link 
between ATM layer 2702 and PHY layer 2704. Only the 
signals required to receive the parity signal TxPrty at ATM 
interface 2703 and regenerate TxPrty at PHY layer 207 are 

45 shown in order not to obscure the operation of flie embodi- 
ment of FIG. 27, ATM interface 2703 includes XNOR gate 
2704 and serializer 2702 having data inputs D0-D7 and send 
violation symbol input SVS. Serializer 2702 may comprise 
a HOTLink™ Transmitter. PHY interface 2705 includes 

50 deserializer 2706 having outputs Q0-Q7 and received vio- 
lation symbol output RVS, FIFO 2710, control logic 2708, 
XNOR gate 2712, XOR gate 2714, and AND gate 2728. 
Control logic 2708 generates TxSOC at input D8 of FIFO 
2710 as previously illustrated in FIGS. 6 and 7. NOR gate 

55 2712 receives the data output from outputs Q0-Q7 and has 
its output coupled to one input of XOR gate 2714. XOR gate 
2714 has its other input coupled to RVS and its output 
coupled to the D9 input of HFO 2710. Inputs D0-D7 of 
FIFO 2710 receive data output from deserializer 2706. The 

60 write enable input ENW* of FIFO 2710 is coupled to the 
output of AND gate 2728. One input of AND gate 2728 is 
coupled to SC/D* of deserializer 2706, and the other input 
of AND gate 2728 is coupled to the inverse of RVS of 
deserializer 2706. FIFO 2710 outputs TxData at node 2722 

65 from outputs Q0-Q7, the regenerated TxPrty at node 2724 
from output Q9, and the regenerated TxSOC from output 
Q8. 
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ATM layer 2702 provides TxData at node 2716 to data 
inputs DO D7 and to the input of NOR gate 2704. ATM layer 
2702 also provides TxPrty to the input of XNOR gate 2704. 
The output of XNOR gate 2704 is coupled to SVS of 
seriahzer 2702. The UTOPIA specification requires that 5 
TxPrty (and RxPrty) comprise the odd parity bit over 
TxData, therefore NOR gate 2704 functions as a parity 
checker in which the output of XNOR gate comprises the 
XNOR or each of the bits of TxData and TxPrty. When the 
output of XNOR gate 2704 comprises a high logic level 
indicating a parity error, the SVS input is driven high 
causing serializer 2702 to transmit a violation symbol on 
output SO instead of valid cell data. Deserializer 2706 
receives the violation symbol on input SI, decodes the 
violation symbol, and outputs a high logic level on RVS 
indicating that a violation symbol has been received at that 
the data output of Q0-Q7 of deserializer 2706 is corrupted. 
NOR gate 2712 and XOR gate 2714 comprise an odd parity 
generate circuit which will generate a high logic level to 
input D9 of FIFO 2710 when RVS is high. Thus, when the 
corrupted data is read from FIFO 2710 by PHY layer 2704 20 
at node 2722, the regenerated TxPrty will be read at the same 
time and provided at node 2724. 

Although the present invention has been described in 
terms of specific embodiments, it will be appreciated that 
various modifications and alterations might be made by 25 
those skilled in the art without departing from the spirit and 
scope of the invention. The invention should therefore be 
measured in terms of the claims which follow. 

What is claimed is: 

1. A communication system comprising: 30 
an asynchronous transfer mode (ATM) layer; 

a physical (PHY) layer; and 

an extender circuit coupled to the ATM layer and the PHY 
layer, the extender circuit providing a serial communi- 
cation interface between the ATM layer and the PHY 
layer, the extender circuit emulating an ATM layer 
interface at the PHY layer and a PHY layer interface at 
the ATM layer, wherein the extender circuit communi- 
cates in parallel with the ATM layer and with the PHY 
layer. 

2. The communication system of claim 1, wherein the 
extender circuit comprises: 

a first circuit coupled to the ATM layer and communicat- 
ing in parallel with the ATM layer; and 

a second circuit coupled to the PHY layer and commu- 
nicating in parallel with the PHY layer, the second 
circuit coupled serially with the first circuit. 

3. The communication system of claim 2, wherein the 
extender circuit further comprises a serial link, the serial link 
serially transmitting signals between the first and second 
circuit. 

4. The communication system of claim 2, wherein the first 
circuit comprises: 

a parallel interface circuit communicating in parallel with 55 

the ATM layer; and 
a serial interface circuit coupled to the parallel interface 

circuit and serially commimicating with the second 

circuit. 

5. The communication system of claim 4, wherein the 50 
parallel interface circuit comprises: 

control circuitry coupled to the ATM layer and the serial 

interface circuit; and 
memory circuitry coupled to the ATM layer, the control 

circuitry and the serial interface circuit, the memory 65 

circuitry transmitting a plurality of signals to the ATM 

layer. 
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6. The communication system of claim 5, wherein the 
control circuitry comprises a programmable logic device. 

7. The communication system of claim 5, wherein the 
memory circuitry comprises a first-in-first-out (FIFO) 
memory device. 

8. An interface circuit comprising: 

a parallel interface circuit configured to commimicate in 
parallel with an asynchronous transfer mode (ATM) 
layer, the parallel interface circuit emulating a physical 
(PHY) layer interface at the ATM layer; and 

a serial interface circuit coupled to the parallel interface 
circuit and configured to serially communicate with a 
serial bus. 

9. The interface circuit of claim 8, wherein the parallel 
interface circuit comprises: 

control circuitry coupled to the ATM layer and the serial 

interface circuit; and 
memory circuitry coupled to the ATM layer, the control 

circuitry and the serial interface circuit, the memory 

circuitry transmitting a plurality of signals to the ATM 

layer, 

10. The interface circuit of claim 9, wherein the control 
circuitry comprises a programmable logic device. 

11. The interface circuit of claim 9, wherein the memory 
circuitry comprises a first-in-first-out (FIFO) memory 
device. 

12. The interface circuit of claim 8, wherein the serial 
interface circuit comprises: 

serializing/deserializing circuitry coupled to the parallel 
interface circuit and coupled serially with the serial 
bus, the serializing/deserializing circuitry serializing a 
plurality of parallel signals received from the parallel 
interface circuit and outputting a plurality of serial 
output signals, the serializing/deserializing circuitry 
further deserializing a plurality of serial input signals to 
form a plurality of deserialized signals and providing 
the plurality of deserialized signals to the parallel 
interface circuit. 

13. The interface circuit of claim 12, wherein the 
serializing/deserializing circuitry comprises: 

serializing circuitry serializing the plurality of parallel 
signals received from the parallel interface circuit and 
outputting a plurality of serial output signals; and 

deserializing circuitry deserializing the plurality of serial 
input signals to form the plurafity of deserialized sig- 
nals and providing the plurality of deserialized signals 
to the parallel interface circuit. 

14. An interface circuit comprising: 

a parallel interface circuit configured to communicate in 
parallel with a physical (PHY) layer, the parallel inter- 
face circuit emulating an asynchronous transfer mode 
(ATM) layer interface at the PHY layer; and 

a serial interface circuit coupled to the parallel interface 
circuit and configured to serially communicate with a 
serial bus. 

15. The interface circuit of claim 14, wherein the parallel 
interface circuit comprises: 

control circuitry coupled to the PHY layer and the serial 

interface circuit; and 
memory circuitry coupled to the PHY layer, the control 

circuitry and the serial interface circuit, the memory 

circuitry transmitting a plurality of signals to the PHY 

layer,. 

16. The interface circuit of claim 15, wherein the control 
circuitry comprises a programmable logic device. 
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17. The interface circuit of claim 15, wherein the memory 
circuitry comprises a first-in-first-out (FIFO) memory 
device. 

18. The interface circuit of claim 14, wherein the serial 
interface circuit comprises: 

serializing/deserializing circuitry coupled to the parallel 
interface circuit and coupled serially with the serial 
bus, the serializing/deseriaHzing circuitry serializing a 
plurality of parallel signals received from the parallel 
interface circuit and outputting a plurality of serial 
output signals, the serializing/deserializing circuitry 
further deserializing a plurality of serial input signals to 
form a plurality of deserialized signals and providing 
the plurahty of deserialized signals to the parallel 
interface circuit. 

19. The interface circuit of claim 18, wherein the 
serializing/deserializing circuitry comprises: 

serializing circuitry serializing a plurality of parallel sig- 
nals received firom the parallel interface circuit and 
outputting a plurality of serial output signals; and 

deserializing circuitry deserializing a plurality of serial 
input signals to form a plurality of deserialized signals 
and providing the plurality of deserialized signals to the 
parallel interface circuit, 

20. An extender circuit configured to provide a serial 
communication interface between an asynchronous transfer 
mode (ATM) layer and a physical (PHY) layer, the extender 
circuit comprising: 

a first circuit configured to communicate in parallel with 
the ATM layer, the first circuit emulating a PHY layer 
interface at the ATM layer; and 

a second circuit coupled serially to the first circuit, the 
second circuit configured to communicate in parallel 
with the PHY layer, the second circuit emulating an 
ATM layer interface at the PHY layer. 

21. The extender circuit of claim 20, wherein the extender 
circuit fiirther comprises a serial link, the serial link serially 
transmitting signals between the first and second circuit. 

22. The extender circuit of claim 20, wherein the first 
circuit comprises: 

a parallel interface circuit for communicating in parallel 

with the ATM layer; and 
a serial interface circuit coupled to the parallel interface 

circuit and serially communicating with the second 

circuit. 

23. The extender circuit of claim 22, wherein the parallel 
interface circuit comprises; 

control circuitry coupled to the serial interface circuit; and 
memory circuitry coupled to the control circuitry and the 
serial interface circuit, the memory circuitry for trans- 
mitting a plurality of signals to the ATM layer. 

24. The extender circuit of claim 23, wherein the control 
circuitry comprises a programmable logic device. 

25. The communication system of claim 23, wherein the 
memory circuitry comprises a first-in-first-out (FIFO) 
memory device. 
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26. In a communication system having an extender circuit 
providing a serial communication interface between an 
asynchronous transfer mode (ATM) and a physical (PHY) 
layer, a method for transmitting a plurality of signals 

5 between the ATM layer and the PHY layer, the method 
comprising the steps of: 
serializing a first plurality of parallel signals to form a first 

plurality of serial signals; 
transmitting the first plurality of serial signals between the 
^0 ATM layer and the PHY layer; and 

deserializing the first plurality of serial signals to form a 

second plurality of parallel signals, 
wherein the extender circuit emulates an ATM layer 
interface at the PHY layer and a PHY layer interface at 
the ATM layer, and wherein the extender circuit com- 
municates in parallel with the ATM layer and with the 
PHY layer while serially communicating between the 
ATM layer and the PHY layer. 

27. The method of claim 26, wherein the extender circuit 
includes a memory circuit for storing the second plurahty of 
parallel signals, further comprising the steps of: 

providing the second plurality of parallel signals to the 
memory circuit; 
25 outputting the second plurality of parallel signals fi-om the 
memory circuit; and 
signaling a first flag condition when the memory circuit 
contains a first predetermined number of the second 
plurality of parallel signals. 
30 28, The method of claim 27, further comprising the steps 
of: 

generating a first control code in response to the memory 
circuit signaling the first flag condition; 

serializing the first control code to form a first serialized 
control code; and 

transmitting the first serialized control code between the 
ATM layer and the PHY layer, wherein the first control 
signal disables the transmission of the first plurality of 
signals between the ATM layer and the PHY layer. 
^ 29. The method of claim 22, further comprising the step 
of: 

signaling a second flag condition when the memory 
circuit contains a second predetermined number of the 
second plurality of parallel signals. 

30. The method of claim 29, further comprising the step 
of: 

generating a second control code in response to the 
memory circuit signaUng the second flag condition; 
5Q serializing the second control code to form a second 
serialized control code; and 
transmitting the second serialized control code between 
the ATM layer and the PHY layer, wherein the second 
control signal enables the transmission of the first 
55 plurality of data signals between the ATM layer and the 
PHY layer. 

« « 4< ♦ ♦ 
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